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In Memoriam 


EDWARD JAMES O’BRIEN 


DR. EDWARD JAMES O’BRIEN died at 10 a.m., Oct. 19, 1959, at Harper Hos- 
pital, Detroit, Michigan. He died as the result of two separate carcinomas, one 
of the prostate and one of the lung. He was born at Hatley, Wisconsin, and 
was, at the time of his death, 72 years of age. He grew up in Wisconsin until 
high school age, when he moved to Alpena, Michigan, where he lived with his 
sister, Mrs. Elizabeth Bonneville and her husband, Dr. Louis Bonneville, a 
practitioner there for many years. 

When his high school education was finished he entered the Detroit 
College of Medicine, now the Medical College of Wayne State University, and 
was graduated in 1909. He entered the intern service at Harper Hospital, 
Detroit, Michigan, where he served two years. He entered the practice of 
medicine in 1911 in Detroit. 

At the outbreak of World War I in 1917 he joined the Harper Hospital 
Unit, known as Base Hospital 17, and served until sent home because of a 
duodenal ulcer. This disorder continued to plague him during the rest of his 
life. 

He was appcinted to the staff of Harper Hospital and the Herman Kiefer 
Hospital, the latter being the infectious disease hospital of Detroit. At that time, 
tuberculosis was becoming a problem in a growing industrial city, and its con- 
trol was essential. Dr. Burns Amberson was appointed Controller. It has 
often been said that because of tuberculosis in his immediate family Dr. O’Brien 
became interested in the problem of tuberculosis. This is not the ease; it was 
Burns Amberson who influenced him to enter the field of thoracie surgery. 

Thus, in 1926 he embarked on a study program. There were not many 
places to go, for the art was new. On his return, he, for a period, operated 
in an old wooden building on the grounds at Herman Kiefer Hospital. It had 
previously been a boiler room. 

In 1928 he became Chief of Thoracic Surgery at Herman Kiefer Hospital 
and then limited his practice to thoracic surgery. In 1930 he became Chief of 
Thoracic Surgery at Harper Hospital. These positions he held for many years. 
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The State of Michigan formed a State Sanitarium Commission, and he was 

appointed a member of this Commission in 1928. He remained as a member 

and, most of the time, as its Chairman until 1950, when Governor Williams re- 
moved him because of disagreements. 

He served for many years as a Clinical Professor of Surgery at Wayne 

State University and previous to that as a preceptor in anatomy at the Detroit 

College of Medicine. 


Photo from The Detroit News. 


EDWARD JAMES O’BRIEN 


The historical side is ended. This now is an analysis of the man. The 
writer was associated with him for over twenty-five years. His main interest 
was always in the field of tuberculosis. He was Irish and a good politician, 
and he used it to the advancement of care for the tuberculous sick. Almost 
single-handed he built institutions for the care of this disease, not only in 
Detroit but in the entire State. He labored tirelessly until at an early date 
Michigan had the most adequate hospital treatment, and control system in 
this field. 

He was long a member of this Association, served on its Council and be- 
came its President. His affection for this Association was great. 

He was a man of strong opinions. He could be kind. He could be most 
unkind. His was a restless soul. He did the right as he saw it. He was a 
stormy petrel in a wind-swept sea, but when the evening came there was peace 
at last. 

WM. M. TUTTLE, M.D. 





Original Communications 


THE USE OF DIRECT STIMULATING MYOCARDIAL ELECTRODES 
IN COMPLETE ATRIOVENTRICULAR BLOCK 


Bernard S. Levowitz, M.D. (by invitation), William B. Ford, M.D., and 
James W. Smith, Jr., M.D. (by invitation), Pittsburgh, Pa. 


a complete atrioventricular dissociation with critically low ventricular 
rates has been successfully treated by external stimulation of the myo- 
eardium through the chest wall by skin electrodes.’ ? Prolonged application 
of this method, until a sustaining rhythm is restored, is poorly tolerated since 
it is often associated with pain, violent muscular contractions, skin burns, and 
superficial ulcerations. Stimulation of the heart through a direct myocardial 
electrode has been utilized for extended periods in the management of complete 
heart block following open-heart surgery, but has not been accompanied by 
these undesirable sequelae.* This technique has therefore been suggested for 
cases of acquired complete heart block which have proved refractory to medical 
management. Our experiences with 3 patients in whom myocardial electrodes 
and an artificial pacemaker were employed for the treatment of persistent 
Stokes-Adams seizures are described in this presentation. 


CASE REPORTS 


Case 1.—H. 8S. was a 77-year-old white man who was admitted to the Presbyterian 
Hospital on July 29, 1959, supported by an external pacemaker. 

The patient’s past history disclosed that he had been hospitalized for a myocardial in- 
farct in November, 1957, from which he had recovered satisfactorily. On June 6, 1959, he 
was again hospitalized at the Fairmont General Hospital, Fairmont, West Virginia, with a 
diagnosis of acute myocardial infarction and a complete heart block caused by arteriosclerotic 
cardiovascular disease. Electrocardiograms, showed a complete atrioventricular dissociation 
with an idioventricular rate of 30 per minute (Fig. 1). The patient appeared to respond to 
oxygen and hydroxyamphetamine hydrobromide. However, on the following day, he com- 
plained of oppressive substernal pain, had a short episode of syncope and became cyanotic 
and hypotensive. His pulse rate fell to 20 per minute. Despite the administration of 
epinephrine and isoproterenol, the ventricular rate was recorded at 12 per minute and his 
condition deteriorated. An external pacemaker was applied with a stimulating rate of 40 
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shocks per minute at 52 volts and immediate improvement was noted. At the end of 3 days 
it was necessary to raise the pacemaker voltage to 70, since lower values elicited a two to one 
response (Fig. 1). The intrinsic rate varied between 10 to 16 per minute. 

Attempts to maintain the pacemaker on a standby basis were unsuccessful and resulted 
shortly in Stokes-Adams seizures. Over the next 4 weeks the patient’s response to the external 
pacemaker was characterized by an increased threshold to stimuli. Progressively higher 
voltages were required to maintain an adequate cardiac rate. Steroids were administered 
without evident improvement. Convulsive episodes now occurred whenever the pacemaker 
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Fig. 1.—Preoperative (A and B) and postoperative electrocardiograms (C) in Case 
1 (H. S.). Internal and external pacemaker impulses are inaicated by a vertical line preced- 
ing the ventricular complex. 


was momentarily discontinued. It was estimated that he had suffered over 200 seizures. He 
was subsequently transferred to this hospital, a distance of 130 miles, on an external pace- 
maker with a mobile power supply. 

The patient had been externally paced for 55 days. Physical examination showed a 
blood pressure of 150/80 mm. Hg with an imposed pulse rate of 40 per minute. He appeared 
well adjusted to the frequent contractions of his chest muscles on the left side and was alert 
and cooperative. His skin showed pigmentation and second degree electrical burns on the 
anterior and posterior chest wall where the stimulating electrodes had been applied (Fig. 2). 
Two small ulcers in the same area were secondarily infected. The muscles of the left hemi- 
thorax were hypertrophied and contracted at a rate of 40 per minute. The patient breathed 
shallowly and synchronously with the pacemaker impulses. The lungs were clear. Because of 
the constant movement of the patient’s chest, it was not possible adequately to examine the 
heart. Aside from a 3+ enlargement of the prostate, the remainder of the physical examina- 
tion was not remarkable. Routine laboratory studies were within normal limits. It was 
elected to convert the patient from an external pacemaker, which had sustained him for 58 
days, to a direct myocardial stimulating unit. 
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On Aug. 3, 1959, under light Pentothal and nitrous oxide anesthesia supplemented by 
succinyleholine, a left anterior thoracotomy was performed through the fourth intercostal 
space. Muscle contractions ceased following the administration of the muscle relaxant while 
the heart continued to respond to stimuli from the external pacemaker. The stimulating and 
indifferent electrodes, incorporated in a nonconductive, Silastic (Dow-Corning) patch, were 
embedded into the myocardium of the left ventricle and fixed to the epicardium with inter- 
rupted silk sutures. The Teflon-Silastic insulated leads were secured to a rib and brought 
out through the left anterior chest wall. These were connected to the transistorized pace- 
maker and a pulse rate of 70 per minute was established as the external pacemaker was dis- 
continued. Direct observation of the heart, blood pressure, and the electrocardiogram con- 
firmed the effectiveness of the new impulse (Fig. 1). At the conclusion of the procedure, the 
patient’s blood pressure was 130/80 mm. Hg and he reacted promptly. As a safeguard 
against equipment or patient failure, the external pacemaker was placed on a standby 
monitoring circuit triggered to respond to an asystolic interval of 6 seconds.4 


Fig. 2.—Cutaneous pigmentation and ulceration beneath one of the electrodes of the external 
pacemaker after 55 days of almost continuous use in Case 1. 


On the first postoperative day, asystole occurred which was managed by the external 
pacemaker. Thereafter, his blood pressure fell to 70/40 mm, Hg and he appeared in shock. 
Increasing frequency of dropped beats was observed in Yesponse to pacemaker stimuli. 
Maximum currents failed to alter the cardiac function and for 6 hours the patient remained 
in precarious condition. Intravenous sixth molar sodium lactate together with metaraminol 
produced dramatic improvement. Ventricular contractions became synchronous with pace- 
maker impulses and the blood pressure rose to 140/80 mm. Hg. For the next 8 days the 
patient required intravenous metaraminol to combat frequent episodes of hypotension asso- 
ciated with profuse diaphoresis. He received no lactate during this period. Oliguria occurred 
on the third postoperative day which persisted for 3 days. By the ninth postoperative day 
he was on substantial oral intake and his general condition appeared satisfactory. The 
metaraminol infusion was progressively diminished and discontinued on the fifteenth post- 
operative day. At this time a left pleural effusion, consisting of 1,500 ml. of serosanguineous 
fluid, was evacuated, which was sterile to culture. 

A coagulase-positive, staphylococcal infection, attributed to a wound infection at the 
site of the external electrodes, developed along the thoracotomy tube drainage tract and 
around the sinus tract occupied by the electrode cable. These cleared somewhat under 
intensive local care and antibiotic therapy. 
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On the twenty-seventh postoperative day, 8 hours following a “dry” chest tap, the 
patient suddenly collapsed while walking in his room. He appeared in profound shock. The 
pacemaker was functioning satisfactorily. Vasopressors failed to improve his condition. For 
the first time the patient complained of abdominal pain and examination revealed generalized 
tenderness and rebound with absent bowel sounds, An abdominal catastrophe was suspected 
and a peritoneal tap returned grossly bloody fluid. Following transfusion of 3,500 ml. of 
blood, laporotomy was performed for massive intraperitoneal hemorrhage of undetermined 
origin, A ruptured subcapsular hematoma on the costal surface of the spleen was found 
which was bleeding actively. Splenectomy was performed and the abdomen closed. During 
the procedure which proceeded uneventfully, the internal pacemaker was maintained at a rate 
of 80 per minute to compensate for the high output demand. Although no needle perforation 
of the left hemidiaphragm was detected, the unsuccessful thoracentesis was strongly implicated 
as the precipitating factor. 


Fig. 3.—Postmortem appearance of the heart in Case 1 demonstrating probe in the per- 
as at base of abscess in the apical portion of the left ventricle and the displaced bipolar 
electrode. 


The patient’s postoperative course was relatively uneventful. Metaraminol was required 
for 48 hours and then discontinued. Irregularly skipped beats accompanied by mild hypo- 
tension were noted on the ninth day after splenectomy, 6 weeks after electrode implantation. 
This deficit between the imposed rate and the patient’s pulse was corrected by increasing the 
current to 15 Ma. There was continued drainage about the pacemaker cable and from the 
site of the thoracotomy drainage tube. The patient was discharged 13 days after splenec- 
tomy, afebrile, with the pacemaker set at a rate of 70 per minute. 

While at home the patient was able to care for his needs, walk without assistance, and 
engage in limited activities. Aside from battery changes every 25 days, no pacemaker adjust- 
ments were required until the eighth week following discharge, when dropped beats were 
again recorded. These increased over the next 3 days despite maximum current settings. 
The pulse rate fell to 20 per minute and he experienced many syncopal attacks and convulsive 
seizures. Electrocardiograms showed complete absence of a ventricular response to internal 
pacemaker stimuli and he was placed on an external pacemaker, The patient’s condition 
improved as his heart rate increased. Twenty-four hours later, on Nov, 11, 1959, he suddenly 
died, after having been continuously sustained by direct myocardial stimulation for slightly 


over 3 months. 
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At postmortem examination, the pacemaker leads were seen to traverse a sinus tract 
containing a moderate amount of purulent material. They joined the electrode patch which 
was displaced to one side and was not in contact with the epicardium of the left ventricle. 
Surrounding the patch was an irregular abscess cavity containing purulent fluid, which ex- 
tended through the entire thickness of the apical portion of the left ventricle (Fig. 3). 
The muscle bordering the perforation was ragged and necrotic. Considerable hemorrhage was 
noted covering the surface of the heart and in the remainder of the mediastinum. Advanced 
atherosclerosis involving both the anterior descending and circumflex branches of the left 
coronary artery was noted. The left pleural cavity contained a loculated subparietal abscess 
which did not appear to communicate with the sinus tract or the myocardial abscess. Death 
was attributed to ventricular rupture secondary to abscess formation. 


Comment: Infection along the tract created by the electrode cable was 
responsible for the fatal outcome in this patient. It is recognized that the 
transthoracic leads ean function as a wick inviting bacterial contamination of 
the thoracic viscera. It is of interest that the septic foci just described failed to 
produce the usual clinical manifestations, doubtless because of the intensive 
antibiotic therapy which the patient received during his hospitalization. 


CASE 2.—B. V. was a 71-year-old white man who was first seen at the Presbyterian 
Hospital in February, 1959, for treatment of an anaplastic carcinoma of the bladder. A 
routine electrocardiogram at that time showed a first degree heart block and a right bundle 
branch block. Repeat electrocardiograms in September, 1959, disclosed a second degree heart 
block and a left bundle branch block (Fig. 4). While in the hospital for urologic studies, 
he had a sudden syncopal episode associated with rigidity of his extremities which lasted for 
10 seconds. At this time, examination revealed a cardiac rate of 30 per minute and the 
electrocardiogram showed a complete heart block (Fig. 4). Isoproterenol was administered 
sublingually, 20 mg. every 6 hours, and a cardiac rate of 40 per minute was established over 
the next 24 hours. He was discharged one week later, asymptomatic but still in complete 
heart block. 

On Oct. 21, 1959, he was readmitted because of some six to eight syncopal episodes 
suffered in the previous 3 days. Examination disclosed a blood pressure of 115/50 mm. Hg 
and a regular radial pulse of 32 per minute. The lungs were clear save for bilateral inspira- 
tory rales at both bases which cleared on coughing. Clinical examination showed that the 
heart was not enlarged. The second sound was loudest at the pulmonic area and a harsh 
Grade 2 systolic murmur was present at the base with transmission into the neck. Varying 
intensity of the first heart sound and a protodiastolic gallop were noted. No organomegaly 
was noted on abdominal examination. There was no peripheral edema. The electrocardio- 
gram showed complete atrioventricular dissociation with an auricular rate of 104 and a 
ventricular rate of 32. The QRS pattern was that of a right bundle branch block. Trans- 
verse enlargement of the cardiac silhouette with a left ventricular contour was noted ou a 
chest roentgenogram. 

Following admission, the patient was connected to an external pacemaker which was 
placed on a standby monitoring circuit and set for an asystolic interval in excess of 6 
seconds. Isoproterenol was increased to 10 mg., sublingually, every 6 hours. During the 
course of the next 3 days, the average pulse rate was 40 per minute. Despite an increase 
in the dose of isoproterenol to 12.5 mg. every 2 hours, he had frequent episodes of asystole 
lasting from 2 seconds to a period of time sufficient to activate the external pacemaker. The 
majority of these attacks occurred while the patient was asleep at night. 

On Oct, 26, 1959, an anterior thoracotomy was performed through the fourth left inter- 
costal space and direct myocardial stimulating electrodes were implanted into the left 
ventricle, as in Case 1. The current was increased to 3 Ma., at which point the myocardium 
responded to each impulse of the internal pacemaker at a rate of 80 per minute with no 
dropped beats (Fig. 4). 

The immediate postoperative course was complicated by unexplained hypotension. The 
patient's blood pressure ranged between 80/60 to 100/70 mm. Hg. After 24 hours, this 
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stabilized at preoperative levels without therapy. Serum electrolytes on the first postoperative 
day revealed a moderate hyponatremia which was gradually corrected by specific fluid therapy. 
By the seventh postoperative day he was on substantial oral feedings and the electrolyte 
values were within normal limits. During the entire period following operation, the pace- 
maker was maintained at 3 Ma. and at a rate of 70 to 80 per minute. No evidence of 
dysfunction or further syncopal episodes were observed. The patient was discharged on 
the sixteenth postoperative day on no medication. 

One month after discharge the patient was readmitted with a one-week history of fre- 
quent syncopal attacks, In addition, he had noted dyspnea on exertion, orthopnea, and ankle 
edema. Examination revealed a complete atrioventricular block with an apical rate of 32 per 
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Fig. 4. 2 (B. V.) which shows partial A-V block with a left 
bundle nee “block (A), and a complete A-V block (B), and the patient on the internal 
pacemaker (C). Impulses are indicated by vertical lines preceding ventricular complexes. 


minute. Fine inspiratory rales were noted at both lung bases and 3+ pitting edema of the 
ankles was present. Substitution of an alternate pacemaker resulted in an immediate 
response at 4 Ma. Digitalis and diuretic therapy were instituted, in addition, and marked 
improvement in the signs and symptoms of congestive failure were noted within 48 hours. A 
defect was subsequently found in the original transistorized pacemaker. 

During the 7 months since discharge, he has remained asymptomatic and has been able 
to engage in limited activities. The current from the present apparatus has been gradually 
raised to 6 Ma. with the finding of occasional dropped beats. The only other complication 
has been persistent purulent drainage from around the electrodes entering the chest wall. 


Case 3.—O. W. was a 57-year-old white man, a retired coal miner, who was admitted 
to this hospital on Oct. 8, 1959, with a history of frequent syncopal attacks during the pre- 
ceding 5 months. He had been relatively well, except for mildly progressive dyspnea on 
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exertion, until 5 months prior to admission when he experienced a sudden loss of conscious- 
ness, lasting approximately 20 seconds, which was accompanied by a clonic convulsion. Sub- 
sequently, he noted considerable shortness of breath on exertion and at rest. Persistent 
substernal pain occasioned his admission to the local hospital for possible myocardial infarc- 
tion. At this time he appeared dyspneic. Loud expiratory wheezes were exhibited through- 
out both lung fields with prolongation of this phase of respiration. An electrocardiogram 
showed a complete heart block with an atrial rate of 65 and a ventricular rate of 40. He 
responded well to digitalis and diuretic therapy and was discharged. However, syncopal 
attacks slowly increased in frequency, as many as four occurring daily. The patient had 
recorded his pulse on these occasions and noted that it varied from 30 to 40 per minute. A 
definite increase in dyspnea was experienced with rates below 36 per minute. 
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Fig. 54.—Electrocardiogram in Case 3 (O. W.) which shows complete A-V block (A), 
failure of imposed impulse to stimulate a ventricular complex with reappearance of an idioven- 
tricular rhythm on the seventeenth postoperative day (B), and impending ventricular asystole 


(C). Shortly thereafter, thoracotomy and cardiac massage were performed for ventricular 
standstill. Pacemaker impulses are indicated by vertical lines. 


Examination revealed a blood pressure of 170/70 mm. Hg and a regular pulse of 44 
per minute. No venous distention was noted. The lungs were clear except for a prolonged 
expiratory phase. The heart was moderately enlarged. The second sound was loudest in the 
pulmonic area. There was marked variation in the intensity of the first heart sound; audible 
atrial contractions were detected at the apex. The liver was enlarged to 7 em. below the 
right costal margin. Minimal pretibial and ankle edema was present. Admission laboratory 
studies were within normal limits except for a urinary protein of 250 mg. per cent. Electro- 
eardiogram confirmed the presence of complete atrioventricular dissociation (Fig. 54). 
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The QRS complexes had the contour of a right bundle branch block. Chest x-ray studies 
disclosed a moderate degree of pulmonary congestion and cardiomegaly with predominantly 
left ventricular enlargement. 

Under continued digitalization, bed rest, and mercurial diuresis, an eight pound weight 
loss was effected with subjective improvement and a decrease in the signs of congestive heart 
failure. Isoproterenol, 10 mg. every 6 hours sublingually, was administered on admission 
and increased to 10 mg. every 2 hours as the need arose. Despite these measures, he ex- 
perienced multiple syncopal episodes and convulsive seizures. Two days later, some 20 
attacks were recorded in a 24-hour period; isoproterenol administered sublingually, had 
seemingly little effect. Sixth molar sodium lactate was then administered by slow intravenous 
drip and the ventricular rate stabilized at 40 to 50 per minute with cessation of the asystolic 
periods. In view of the difficulties encountered in controlling the patient’s cardiac rate, it was 
elected to implant direct stimulating myocardial electrodes. 





Post INSeetion New Myo- 
CARDIAL ElectRodes 


Fig. 5B.—Postoperative electrocardiogram in Case 3 which shows regularly paced QRS com- 
plexes immediately preceded by the vertical line of the imposed impulse. 


On Oct. 13, 1959, an anterior thoracotomy was performed through the left fourth inter- 
costal space and two polyethylene insulated, No. 2-0, multifilament, stainless steel wires were 
deeply anchored into the myocardium approximately 2 cm. apart. A single suture of No. 3-0 
silk was used to fix the polyethylene tubing to the epicardium. The myocardium responded 
to a stimulus of 6 Ma. and was paced at a rate of 80 per minute. 

The postoperative recovery was uneventful and by the end of the first week exercise 
tolerance exceeded preoperative levels. Increasing numbers of dropped beats were noted 
from the first postoperative day, however, and the current requirement was gradually in- 
creased until the maximum output of the pacemaker was attained. On the seventeenth post- 
operative day, the patient suddenly complained of dizziness and a pulse rate of 30 per minute 
was recorded. The electrocardiogram showed a reversion to an idioventricular rhythm with 
no response to the stimulus provided by the pacemaker (Fig. 54). The pulse rate slowed 
rapidly and complete asystole occurred. An external pacemaker was applied but no response 
could be elicited at maximum voltage. After approximately one minute of asystole, emergency 
thoracotomy was performed on the ward and cardiac massage instituted. Ventricular contrac- 
tions reappeared at a rate of 30 per minute. Sixth molar sodium lactate was administered 
intravenously and the cardiac rate rose to 45 per minute. The patient was brought to the 
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operating room and the left thorax was explored after extension of the previous incision. 
Pericardial and pleural adhesions prevented dissection and exposure of the stimulating 
electrodes to ascertain the cause of the dissociation between pacemaker impulse and myo- 
cardial response. A second pair of electrodes, similar to the first implant, was fixed to the 
myocardium in identical fashion. Stimulation of the ventricles was achieved at a current 
of 3 Ma. (Fig. 5B). 

Postoperatively, the patient’s uneventful recovery was marred only by a superficial 
wound infection. At the time of discharge, 28 days following the second implant, the heart 
was paced at 5 Ma. at a rate of 64 per minute without dropped beats. 

The patient was readmitted 2 months later, on Jan. 23, 1960, because of an erratic 
response to the pacemaker. The difficulty was ascribed to the transistorized unit; substitu- 
tion of an alternate pacemaker resulted in a satisfactory myocardial response at 10 Ma. The 
appearance of an idioventricular rhythm on March 10, 1960, prompted his readmission. 
Attempts to esiablish a ventricular response to the pacemaker were unsuccessful. After 
eliminating the factor of pacemaker dysfunction, it was determined that effective electrical 
contact was no longer present between the electrodes and the myocardium. The patient had 
done well despite the lack of artificial pacing. With an idioventricular rate stabilized at 40 
per minute, he suffered no syncopal attacks and only a mild increase in exertional dyspnea. 
He was subsequently discharged on full doses of isoproterenol. A persistent purulent drain- 
age is present about the leads at site of exit from the chest wall but the patient has declined 
removal of these wires at this time. 


Comment: Either extrusion from the myocardium, rupture of the wire leads, 
or short circuiting because of dissolution and loosening of the polyethylene 
insulation could account for the failure of this type of implant to function for 
longer periods. As a result of this experience, we have favored the nonconduc- 


tive, bipolar, patch electrode for direct-myocardial stimulation. 


DISCUSSION 


The vital functions of patients with complete heart block and extended or 
recurrent periods of asystole are jeopardized by circulatory insufficiency. 
Prompt and sustained application of the external pacemaker under these condi- 
tions may be lifesaving, as was demonstrated in the first patient who was 
maintained in this fashion for 58 days. It was noteworthy that there were no 
pathological changes in the heart or surrounding mediastinal structures, de- 
tected either at operation or postmortem examination, which could be directly 
attributed to prolonged use of the external unit. However, Reiff and his associ- 
ates’ have reported pericardial and epicardial hemorrhages in a patient who had 
been externally paced for 24 hours. Electrical burns, muscular spasms, and 
high pacing voltages limit the patient’s tolerance to continuous use of this form 
of treatment. Some patients require temporary support by the external pace- 
maker for Stokes-Adams attacks occurring at the onset of or during complete 
heart block and then revert permanently to an adequate ventricular rhythm. 
In the presence of a persistently slow rate, intermittent use of the external pace- 
maker for sporadic attacks is associated with a high mortality. ? This is 
ascribed to ventricular standstill during an unpaced interval, which is the 
principal reason for sudden death in established complete atrioventricular block.® 

In the older patient, the most common cause of complete heart block is 
coronary artery disease. This may occur following an acute occlusion or as a 





292 LEVOWITZ, FORD, AND SMITH d;,,Thoracie, and 
result of progressive myocardial ischemia which is due to coronary athero- 
sclerosis. The nature of the organic lesion and its contribution to the surgical 
risk temper the choice of an operative approach to the treatment of complete 
heart block. In addition, consideration of surgical therapy implies failure to 
respond to an intensive program of medical management including sympatho- 
mimetrie amines, parasypatholytie agents, and steroids. 

The selection of patients for implantation of direct stimulating electrodes 
has been primarily based upon the incidence of Stokes-Adams seizures associated 
with depressed idioventricular rates. Although the reported experience is 
limited and our own series small, it has been possible to define several clinical 
situations wherein this procedure may be clearly indicated. In one group of 
patients, a chronic state of circulatory insufficiency prevails, attended by fre- 
quent syncopal and convulsive paroxysms. The ventricular rate is extremely 
low, usually less than 20 per minute. When acceleration cannot be achieved 
under a medical regimen, emergency support should be provided by an external 
pacemaker. Conversion to an internal pacemaker is indicated where there is 
continued failure to revert to an adequate rhythm. In another category are 
patients with third degree block, who, over a period of months or years, demon- 
strate progressive ventricular slowing to rates ranging between 20 to 40 per 
minute. Initially well compensated, they experience insufficiency during exer- 
cise because of an inability to accelerate in response to a need for greater 
peripheral blood flow. Dizziness and weakness are succeeded by frequent at- 
tacks of syncope at rest, associated with periods of ventricular asystole. Pro- 
longation of the asystolic interval precipitates a convulsive episode which may 
be accentuated by the presence of cerebral arteriosclerosis. Since these patients 
experience intermittent bouts of reduced cardiac output over an extended period, 
they are difficult to control with an external pacemaker. It appears that in these 
eases the direct stimulating electrode enjoys its widest applicability. 

Effective circulation may be maintained at fixed ventricular rates as slow 
as 20 to 30 per minute. This is accomplished through prolongation of diastole, 
greater ventricular filling, and increased stroke output. A persistent heart 
block ultimately promotes ventricular dilatation because of the constant require- 
ment for an increased stroke volume. In a heart already impaired by coronary 
insufficiency, dilatation will produce a further reduction in the cardiac reserve. 
Eventually, congestive failure supervenes and is not an uncommon cause of 
death in complete heart block.® It is suggested that these events may be re- 
versed by pacing the heart, at an optimum rate, thereby shortening the cardiac 
cycle, reducing the diastolic filling time and improving the cardiae output. 
Although experimental evidence is lacking, clinical observations appear to 
support the contention that the cardiac output of the paced heart is augmented. 
When the pacemaker was discontinued and a slow idioventricular rate pre- 
vailed for 5 or 6 days or more, the signs of congestive failure were noted (Cases 
2 and 3); improvement oceurred after pacing was restored. Experimental 
studies comparing the cardiae output of the completely blocked and the paced 
heart are being conducted and will be presented in a separate paper. 
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The preoperative preparation of these patients was principally directed 
toward the treatment of congestive heart failure. Accordingly, digitalis was 
administered for the usual indications. Despite the absence of normal cardio- 
acceleration, vital signs were maintained without difficulty throughout all three 
procedures. In a similar experience, Penton and his associates® reported no 
mortality in 24 major operations in 19 patients with complete heart block. 

The bipolar electrode* which was used in 2 of the patients consisted of a 
2.5 by 1.5 by 0.5 em. noneonductive patch of Silastic in which were incorporated 
the stainless steel prongs of the stimulating and indifferent electrodes, separated 
by a distance of 1.2 em. These were embedded into the myocardium of either 
the right or left ventricles, and fixed to the epicardium by four to six interrupted 
silk sutures. Care was taken to avoid grossly infarcted areas and coronary 





Fig. 6.—Bipolar patch with stainless steel prongs of indifferent and stimulating electrode and 
transistorized pacemaker unit. 
vessels. The stainless steel leads were insulated by Teflon and Silastic and were 
connected to a light weight (10 ounces) transitorized unit,* utilizing 9-volt 
mereury batteries and delivering a current up to 25 Ma. (Fig. 6). The stimulus 
was approximately 2 msec. in duration with a square wave contour. With this 
apparatus, pacing rates could be varied from 50 to 200 impulses per minute. 
Batteries were changed every 25 days. Placement of the indifferent electrode 
adjacent to the stimulating electrode rather than at a distance, that is, the chest 
wall, has produced less myocardial fibrosis about the stimulating electrode. As 
a consequence, tissue resistance and the current required for impulse formation 
were reduced. In practice, initially low milliamperage settings (2 to 3 Ma.) were 
gradually increased over a period of 3 to 8 weeks. The appearance of frequent 
dropped beats signalled the need for higher current adjustments. Thereafter, 


*Manufactured by Medtronic, Minneapolis, Minn. 
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current requirements generally remained constant at 5 to 15 Ma. with the rate 
maintained at 60 to 70 per minute. 

Clinical and experimental studies have emphasized the close relationship 
between blood pH and the eardiae mechanism. Bellet and his associates’ showed 
that the administration of a molar sodium lactate solution enhanced the 
rhythmicity of the heart in complete block. Acceleration of the heart rate was 
attributed to increased myocardial excitability due to elevation of the pH. It 
has also been demonstrated that acidosis of metabolic or respiratory origin 
diminished the inotropic response of the heart to sympathomimetic amines 
whereas alkalosis potentiated this effect.*-1! These observations suggested an 
explanation for the changes occurring in the immediate postoperative period in 
the first case, which were characterized by hypotension, a falling pulse rate, and 
the lack of correspondence between the imposed impulse and the ventricular 
complex. Although pH determinations were not available, it was reasonable 
to assume that postoperative metabolic acidosis and respiratory acidosis, 
secondary to ventilatory insufficiency, prevailed. Under these circumstances, 
reduced myocardial contractility, accompanied by a lowered stroke volume and 
cardiae output, resulted in hypotension. Similarly, an increased threshold of 
ventricular excitability was attended by decreased responsiveness to external 
electrical stimuli and accounted for the impulse deficit. It appeared that re- 
versal of these effects of acidemia was brought about by the administration of 
sixth molar sodium lactate in conjunction with a sympathomimetic amine, in 
this case metaraminol. Once the response to pacemaker stimuli was re- 
established, it was possible to maintain the blood pressure at near normal levels 
with a vasopressor until it became stabilized. On two occasions in Case 3, 
acceleration of a slow, non-sustaining idioventricular rate was obtained by the 
administration of sixth molar sodium lactate. 

Infection about the leads exiting from the chest: wall has constituted a 
serious problem. In all 3 cases, coagulase-positive staphylococcus has been 
isolated from the sinus tract at one time or another and has resisted intensive 
local and systemic antibiotic treatment. The potential hazard of contamination 
of the underlying mediastinal structures was realized in the first patient, 3 
months postoperatively, with a fatal issue. The remaining patients have been 
followed for 7 months and have shown no signs of developing this distressing 
complication. Remote radiofrequency excitation of a miniature intracorporeal 
receiver, with wires leading to the myocardium, has been proposed to eliminate 
the need for a transthoracic cable.'” 

Other methods, which avoid entering the pleural cavity, have been described 
to directly stimulate the myocardium. The intravascular electrode of 
Furman,'* '* introduced through a peripheral vein, stimulates the endocardial 
surface of the right ventricle; continuous anticoagulation is needed to prevent 
clotting about the tip of the electrode. Myocardial electrodes implanted per- 
cutaneously’® '° may injure the coronary vessels and are subject to spontaneous 
displacement. While successful clinical application of these techniques for 
short intervals have been recorded, the long-term results in continuously paced 
subjects are not yet available. 
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The therapeutic value of repetitive electrical stimuli, directly applied to 
the heart in complete block, has been well established. Final evaluation of the 
technique described for placement of myocardial electrodes must await further 
clinical trials. 


SUMMARY 


1. Direct stimulation of the heart through an implanted bipolar myocardial 
electrode has been reported in 3 cases of acquired atrioventricular block associ- 
ated with Stokes-Adams seizures. These patients had failed to respond to an 
extended trial of medical management in conjunction with an external pace- 
maker. 

2. The advantages of the bipolar patch electrode have been described to- 
gether with the details of operation of the transistorized pacemaker. 

3. In the immediate postoperative period, the use of sixth molar sodium 
lactate and the sympathomimetic amines to combat hypotension and the apparent 
refractoriness of the ventricular myocardium to the imposed impulse is recom- 
mended. 

4. The problem of infection, introduced through the transthoracic eable, 
which was responsible for the death of one of these patients, has been discussed. 


The authors wish to express their appreciation to Dr. Jesse Jenkins, of the Fairmont 
General Hospital, Fairmont, West Virginia, for his assistance in the treatment of Cases 1 and 
3 and for securing the pathologic material described herein. 
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DISCUSSION 

DR. ELLIOTT 8S. HURWITT, New York, N. Y.—This is an interesting and courageous 
approach to the problem of heart block. There are, however, several disadvantages to this 
method, including anesthesia, thoracotomy, the use of electrodes which may fatigue and break, 
and the development of fibrosis around the myocardial electrode, necessitating frequent in- 
creases in the amplitude of current in order to maintain an effective stimulus. 

All of these problems may be circumvented by employing an endocardial pacemaker, in 
which the effective electrode, a conductive wire contained in a cardiac catheter introduced 
through a peripheral vein, delivers its impulse in contact with the endocardial surface of the 
right ventricle. This technique, developed in our own laboratory and clinically by Dr. Seymour 
Furman, surgical resident at the Montefiore Hospital and presented by him at the Forum of 
the American College of Surgeons in 1958, has been applied by our group to 18 patients to 
date. The classical picture of Stokes-Adams attacks was the presenting problem in 16 of these, 
from 48 to 81 years of age; the atrioventricular dissociation in the oldest occurred in the course 
of a fresh myocardial infarct, with a successful outcome. 


The people are maintained on an ambulatory outpatient basis, on anticoagulant therapy, 
and some have returned to full activity while the endocardial electrode is still in place, 
powered by a small, portable, battery-operated transistorized pacemaker. There has been no 
need to increase the amplitude of the small current in any patient, despite many months of 
continuous or intermittent stimulation. 


Of particular interest to this meeting are 2 children, aged 2 and 5 years, with surgically 
produced heart block following the open correction of septal defects. Both of these children 
had become refractory to the myocardial wires placed at the time of surgery, and both were 
then paced successfully by the endocardial technique; death was ultimately due to causes other 
than the consequences of heart block. 


DR. WILLIAM L. WEIRICH, Minneapolis, Minn.—This report certainly points up some 
of the problems with which this method is plagued. 

I would like to illustrate our experience with just 1 case—a 37-year-old man with con- 
genital complete heart block, who was asymptomatic until 2 years prior to the time that we 
saw him when he had a cardiac arrest while folk dancing. 

He had about fifty bouts of momentary cardiac arrest lasting from 1 to 41 seconds. 
Nine months ago we implanted a bipolar electrode exactly like the one you saw on the screen. 
Four months following operation, he returned to work; he is now working 6 days a week, 6 
hours a day, as a tool and diemaker, and with a rate maintained between 76 and 81. 

He is relatively asymptomatic. We have had the problem of having to change the pace- 
maker on two occasions, because of defects in the components, Within the first 3 weeks follow- 
ing implantation, the current demands to stimulate the heart increased rapidly: However, since 
that time we haven’t had to increase it more than 2 milliamperes. 

The first slide shows the gross cardiomegaly. This patient was catheterized, and showed 
no evidence of a septal defect. The electrocardiogram demonstrated left as well as right 
hypertrophy. 
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This slide shows the heart size 8 months following implantation of the electrode, and 
artificial control of the heartbeat at approximately 80 a minute. There has been a significant 
reduction in size. 

I certainly don’t think this is a panacea for this type of arrhythmia, and the optimum 
treatment will probably be oral medication. However, it is a satisfactory method of keeping 
these patients alive and allows them to lead useful lives. 


DR. HARVEY J. MENDELSOHN, Cleveland, Ohio.—We anticipated some of the 
difficulties that Dr. Levowitz has had and, being presented with problems in 2 patients who 
had typical Stokes-Adams syndromes with repeated episodes of syncope and, who had failed 
to respond to treatment by the usual methods, including steroids, we decided to try a different 
approach. 

The first patient was a 60-year-old man, and we chose to approach this from the vagal 
reflex aspect. This man had a small hiatus hernia. However, we could not prove by stimula- 
tion that this was the cause of triggering his mechanism, In this individual, arteriosclerosis, 
I’m sure, was a primary factor in the repeated Stokes-Adams syncope. 

We first repaired the hiatus hernia. At the same time we sectioned the vagus nerve just 
inferior to the recurrent nerve on the left. The man had a period of improvement for a few 
months, but he still required Isuprel and atropine. 

About 9 months later we sectioned the right vagus nerve transthoracically paratracheally. 
Since then this man has got along with a bradycardia and with no further syncopal attacks 
for 21% years. He has been able to work effectively. 

The second patient was a woman with sarcoidosis in her late thirties. Steroids were in- 
effective, and she was threatened with decerebration because of repeated episodes of heart 
block and hypotension. 

In this case we chose to do a vagectomy inferior to the left recurrent nerve through the 
left chest. At the same time we resected a portion of the right vagus paratracheally. 


This patient has not done well. She is living 2 years later but with recent episodes of 
heart block and hypotension. We believe there are a certain number of patients in whom the 
long-term use of electrodes can be obviated. The prolonged use of implanted electrodes is not 
an appealing method for a person who has a continuing disease and the problem of infection 
will always exist. 


DR. WILLIAM B. FORD, Pittsburgh, Pa.—The use of direct myocardial electrodes with 
a transistorized pacemaker is an acceptable procedure. The operation is simple, as compared to 
other thoracic surgical procedures, and the complications that arise usually can be controlled. 
However, one should not use the monofilament wire, for this wire breaks when it is used as a 
myocardial electrode. Rather, the bipolar electrode, such as was developed by Dr. Hunter in 
Minneapolis, is suggested. 

This procedure is, therefore, recommended for patients having Stokes-Adams seizures with 
a complete heart block, when they are not controlled with good medical management. 


DR. LEVOWITZ (Closing).—I wish to thank the various discussers for their remarks. 
One of the disadvantages of the myocardial electrode is the transthoracic cable. Elimination 
of the percutaneous lead would be most desirable. Dr. Glenn and his associates have reported 
on the clinical use of an intracorporeal receiver which is activated by a remote radio frequency 
transmitter. This technique appears promising and is currently being studied in our laboratory. 





SURGICAL CORRECTION OF TRANSPOSITION OF THE 
GREAT VESSELS: A FIVE-YEAR SURVEY 
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Paul, M.D. (by invitation ), Robert A. Miller, M.D. (by invitation), 
William L. Riker, M.D. (by invitation), Arthur De Boer, M.D. 

(by invitation), and Willis J. Potts, M.D., Chicago, Ill. 


HE PROBLEM of surgical treatment of transposition of the great vessels still 
feet unsolved. It is not a simple matter of establishing serial continuity 
of the pulmonary and systemic circulations. True, the technical difficulties 
of such procedures are better understood, and successful complete correction 
of transposition has been reported.t' However, the problem extends far beyond 
surgical technique. The pulmonary artery in eases of transposition comes off 
the left ventricle and the lungs are usually subjected to high arterial pressure. 
The consequences of this anatomic relationship are not completely understood, 
but it is expected that prolonged high pulmonary arterial pressure is harmful. 
Correction of transposition of the great vessels is also complicated by the 
relationship of any potential surgical procedure to growth. Patients with 
transposition defects become critically ill and require surgical correction very 
early in life. Suture lines or artificial prostheses used for early surgical palli- 
ation may impede flow of blood by the time the infant reaches adulthood. The 
matter of timing is extremely important, and it remains to be seen whether 
total correction or staged partial correction will give the best ultimate physio- 
logic results. Finally, the pathologie condition of transposition of the great 
vessels is not uniform. A variety of associated defects may be encountered. 
It is highly probable that no single operative procedure will be applicable to 
all of them. The final answer to the transposition defect still eludes us. It is 
our hope only that the material in this paper might help crystallize some 
thoughts on the subject and lead to more steps in the right direction. It is 
also an opportunity to describe our results in a palliative procedure which 
has provided very satisfactory clinical results to date. 
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MATERIAL 


The first patient operated upon by us for transposition of the great vessels 
by the method of transplanting the inferior vena cava and the right pulmonary 
veins was reported from the Children’s Memorial Hospital in Chicago. The 
operation was performed in March, 1955. Five years have elapsed since that 
time and 148 similar procedures have been done. The age of these patients 
at the time of operation has varied from 6 days to 15 years. We have analyzed 
the first 117 operative procedures for mortality rate, clinical results, and 6-month 
to 5-year postoperative follow-up. The remaining 31 patients have been sep- 
arated into a second group because of a shorter postoperative follow-up and 
because Teflon grafts were used for the procedure. The pathology of trans- 
position of the great vessels has been re-evaluated in the light of our operative 
experience. Catheterization data and other physiologic studies were collected, 
wherever feasible, and are described as a guide to clinical selection of patients 
for this procedure. 


PARTIAL CORRECTION OF TRANSPOSITION OF THE GREAT VESSELS 


The basic steps for transfer of the inferior vena cava and the right pul- 
monary veins have not been altered (Fig. 1). As deseribed in our earlier 
articles,” * a thoracotomy is done through the right fifth interspace and the 
right pulmonary artery is dissected free. A major change from the original 
description, however, involves early occlusion of the right main pulmonary 
artery, immediately after the thoracotomy incision is completed. This alteration 
in technique is important. It has reduced the operative mortality from about 
50 per cent to its present rate of about 10 per cent. As is well known, pul- 
monary arterial pressure is high in most eases of transposition. The manipulation 
of the lung required for operation can often lead to such serious pulmonary 
hemorrhage that the patient dies in the immediate postoperative period from 
marked hemorrhagic pulmonary congestion. Early occlusion of the pulmonary 
artery, before dissection of the other hilar structures, will generally avoid this 
complication. 

After the right main pulmonary artery is occluded, the right pulmonary 
veins, the lateral aspect of the right atrium, the right phrenic nerve, the in- 
ferior vena cava, and the right main-stem bronchus are dissected free. The 
pericardium is utilized to suspend the heart from the chest wall, so that the 
weight of the enlarged heart does not cause collapse of the left lung. This 
is another important change in technique. It has made possible survival of 
a number of tiny infants who would certainly have died of anoxia during the 
procedure. Hypothermia is also used to advantage. We have found that 
reduction of the patient’s body temperature to about 30° C. occasionally permits 
survival of an infant who will not tolerate occlusion of the pulmonary artery 
at normal body temperature. 

After adequate cooling of the patient, temporary occlusion of the right 
main pulmonary artery, suspension of the heart with the pericardium, and 
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isolation of the remaining hilar structures, the following maneuvers are com- 
pleted. (1) A curved coarctation clamp is placed on the lateral aspect of the 
inferior vena cava and a homologous aortic graft is anastomosed to the excluded 
lip of the inferior vena cava (Fig. 1, B and C). (2) The right pulmonary 
veins are separated from their point of entrance into the left atrium and the 
opposite end of the aortic homograft is anastomosed to the left atrial stump 
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Fig. 1—Diagram of operative procedure for partial correction of transposition of the great 
vessels by transferring the inferior vena cava and the right pulmonary veins (see text). 


of the right pulmonary veins (Fig. 1, D, E, and F). (3) A curved coarctation 
clamp is then applied to the lateral aspect of the right atrium and the distal 
end of the right pulmonary veins is anastomosed to the excluded lip of the 
right atrium (Fig. 1, F and G@). (4) The occluding umbilican tape ligatures 
about the right main pulmonary artery and the right main-stem bronchus are then 
removed and the right lung is allowed to expand. (5) The patient is given 
a few moments to recover, and a stout silk ligature is tied about the point of 
entrance of the inferior vena cava into the right atrium. This makes the flow 
of blood from the inferior vena cava, through the aortic homograft into the left 
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atrium, obligatory. (6) The pericardial incision is then repaired, endothoracie 
drainage is provided, and the thoracotomy is closed. 

One hundred and seventeen patients have undergone the procedure just 
described, with homologous aortic grafts used to bypass the inferior vena cava. 
The mortality rate has improved steadily. Early in the series, it was 50 per cent. 
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Fig. 1.—Cont’d. For legend see opposite page. 


During the last year, however, it decreased to 8.3 per cent. The over-all oper- 
ative mortality, including immediate and delayed operative deaths, was 29.0 
per cent (Table I). In the latter half of the past five years, the operative 
mortality has also greatly improved for the younger patients in the series 
(Table II). Early in our efforts, most of the younger patients were between 
4 and 6 months of age, hence the residual high mortality shown for that age 
group. As more experience accumulated, however, patients below 3 months 
of age were operated upon and the mortality rate in those infants is comparable 
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to the over-all mortality. At the present time, any child with a transposition 
defect who is deemed a satisfactory operative risk is operated upon regardless 
of age. 


TABLE I. 








MORTALITY RATE 
YEARS TOTAL NO. OF CASES | OPERATIVE DEATHS 
1955-56 36 18 
1957 22 10 
1958 35 4 
1959 24 2 
Totals 117 34 








TABLE IT. 








TOTAL NO. OF CASES OPERATIVE DEATHS 





Totals 





Postoperative results have been very satisfactory. Eighty-three patients 
in the above series survived operation and have had 6 months to 5 years of 
postoperative observation (Table III). Fifty-eight patients (70 per cent) had 
minimal residual cyanosis following partial correction of their transposition 
defect. Their exereise tolerance was markedly improved, and weight and 
muscular development approached normal limits, even in the youngest members 
of the group. Episodes of severe dyspnea and cardiac failure became rare. 
Ultimately, they were able to discontinue taking digitalis and diuretics. Roent- 
genograms, in most instances, showed decrease in the size of the heart shadow 
(Fig. 2). 

TABLE ITI. 








CASES 


PER CENT 





Good results 
Fair results 
Poor results 
Lost to follow-up 


58 


18 
2 


« 


5 


Totals 83 





Eighteen patients (21.6 per cent) had mild cyanosis at rest which in- 


creased considerably on exercise. Their clinical results were classified as fair. 
Although episodes of dyspnea and heart failure had decreased, they continued 
to have significant impairment in exercise tolerance. Muscular development, 
although greatly improved, was considered below normal. Roentgenograms 
usually demonstrated no decrease in heart size. Two patients (2.4 per cent) 
had poor clinical results. Their cyanosis did not improve at all after operation, 
and they both ultimately sueecumbed, although they did not die until several 
months following operation. Five patients who survived operation (6.0 per 
cent) were lost to long-range follow-up. 
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Causes of operative death are recorded in Table IV. Thirty patients died in 
the hospital immediately following operation. Thirteen developed intractable ear- 
diac failure and 3 had cerebral vascular accidents from which they did not 
recover. These deaths were considered hazards of the transposition defect and 
in a sense are not preventable. Six patients, however, died of severe pulmonary 
hemorrhage during or immediately following operation, and 5 infants sue- 
cumbed to severe edema of the right lung which caused fatal anoxia in the 


A. B. 


ig. 2.—Roentgenograms of the chest which demonstrate decrease in size of the heart 
shadow ellowines partial correction of the transposition defect. A, Preoperative chest roent- 
genogram. Note marked cardiac enlargement. 8B, postoperative chest roentgenogram taken 
about 3 years after surgery. The cardiac shadow has greatly decreased in size. 


immediate postoperative period. We felt that these deaths were preventable 
because they presumably resulted from incomplete management of the high 
pressure in the pulmonary artery. Since early occlusion of the right main 
pulmonary artery has been incorporated into the operative procedure, such deaths 
have virtually disappeared. The remaining immediate operative deaths, 2 from 
intercostal hemorrhage and 1 from supraventricular tachycardia, are technical 
hazards and probably can be prevented by meticuloys attention to surgical and 


medical management. 


TABLE IV. CAUSES OF DEATH 








Immediate Operative Deaths 
Cardiac failure 
Cerebral vascular accidents 
. Hemorrhage from right lung’ 
. Right pulmonary edema with anoxia 
. Intercostal hemorrhage 
Supraventricular tachycardia 
Delayed Operative Deaths 
1. Diarrhea 
2. Pulmonary arteriolar sclerosis 


— 
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Four patients died shortly after returning to their homes. One contracted 
severe infantile diarrhea and succumbed to dehydration. It is felt that this 
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death is not directly related to the operative procedure. Three patients, how- 
ever, did not have satisfactory response to the operative procedure. They were 
still very eyanotic when discharged after prolonged hospitalization, and died 
suddenly and unexpectedly with terminal syndromes variously interpreted as 
‘*pneumonitis’’ or ‘‘pulmonary congestion.’’ Although their postmortem ex- 
aminations were not performed at our hospital, all three autopsies were re- 
ported as showing pulmonary arteriolar sclerosis. 

Clinical results and operative deaths were studied in order to establish 
indications for this surgical procedure. It was noted that only fair clinical 
results were obtained in patients having high preoperative arterial oxygen satura- 
tions, while best results were obtained in children with intense cyanosis. Hence, 
we no longer operate upon patients with transposition defects with arterial 
oxygen saturations of 75 per cent or over. Such moderately cyanotic patients 
with transposition have good shunts across the septal defects, or other intra- 
eardiae deformities which permit mixing of the pulmonary and systemie cireula- 
tions. This type of surgical procedure does not result in significant improve- 
ment of the peripheral arterial saturation. 

Another important consideration is the presence of high pulmonary arterial 
pressure. Its role in the postoperative course of patients with transposition 
defects has been extremely difficult to evaluate. At this time, its presence does 
not influence our choice of patients for this operation. 

Moderate pulmonary valvular or infundibular stenosis has not impaired our 
clinical results. In facet, some of the most striking instances of postoperative 
improvement in cyanosis have occurred in patients with mild pulmonary stenosis. 
Our conviction that pulmonary stenosis should not be a contraindication to this 
procedure is strengthened by evaluation of 14 patients with pulmonary artery 
pressures below 200 mm. of water who were treated with aorticopulmonary or 
subelavian-pulmonary anastomoses (Table V). The immediate postoperative 
mortality rate for these operative procedures was 50 per cent, and improvement 
in cyanosis was not as satisfactory as in similar patients having transfer of the 
inferior vena cava and the right pulmonary veins. Long range follow-up reveals 
that only 1 of the 7 survivors is still alive. He has recently had to return to the 
hospital for a second shunt operation. 


TABLE V. 








MORTALITY RATE 
SHUNTS TOTAL NO. OF CASES | OPERATIVE DEATHS (%) 





Aorticopulmonary 83.4 
Subclavian-pulmonary 25.0 


Totals 50.0 





Cardiac failure is a common finding in transposition of the great vessels. 
We have never considered it a contraindication to operation, if the patient re- 
sponds to medical treatment. Approximately one half the patients operated 
upon were in severe failure when they arrived at the hospital, yet after adequate 
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preparation many of these survived the operative procedure and have had exceel- 
lent clinical results. The only patients denied operation were those who remained 
in intractable heart failure in spite of intensive and prolonged medical therapy. 


PHYSIOLOGIC OBSERVATIONS 


Transposition of the great vessels can usually be differentiated from other 
forms of cyanotic congenital heart disease on the basis of clinical, roentgeno- 
graphic, and electrocardiographic examination. Whenever these findings are 
classical it is usually possible to select a suitable surgical candidate on the basis 
of the presence of intense cyanosis. Nevertheless, selective or venous angio- 
eardiography is frequently performed and is of particular value in demonstrat- 
ing the presence of associated intracardiac lesions. 

Data obtained at right heart catheterization may also assist in selection of 
surgical candidates. Table VI presents the pre- and postoperative peripheral 
arterial oxygen saturations of 6 patients ranging in age from 7 weeks to 8 years 
at the time of surgery. The postoperative arterial saturations in this group were 
78 to 84 per cent at rest, and this latter figure is considered to be the approxi- 
mate maximal obtainable saturation. The marked increase in arterial oxygen 
saturation from approximately 40 per cent (preoperatively) to 80 per cent (post- 
operatively) in patients J. L. and R. H. was associated with dramatie clinical 
improvement (Figs. 3 and 4). These patients had considerably elevated pul- 
monary arterial pressures in the preoperative studies. However, pulmonary 
vascular resistance was not significantly increased in the face of large pulmonary 
blood flow (Table VI). Large left-to-right atrial shunts resulted from the 
surgical transposition of the right pulmonary veins from the left to the atrium. 


TABLE VI. 








PULMONARY AR- PULM./SYST. 
TERY PRESSURE BLOOD FLOW* SYST. ARTERIAL 0, SATURATIONS 
PATIENT | AGE (MM. Hg) (L./MIN./M2. ) (%) (PREOP.) (%) (POSTOP.) 
J.-L. 4 wk. 62/27 (47)t 12.2/5.2 42 78 
R. H. 8 mo. 62/30 (50) 12.1/5.3 39 84 
S. G. 4 wk. -- _ “= 69 81 
D.M. 3yr. 38/15 (25) 6.4/3.4 66 84 
S. M. 8 yr. 27/10 (17) —_— 57 79 
M. B. 8 yr. 100/72 (86) 7.2/4.5 77 81 
*Oxygen consumption estimated at 170 ml./min./M.2 with all studies performed under 
Demerol-Sparine-Phenergan premedication. 
+Mean arterial pressures. 








Patients D. M. and S. M. had proportionately less inerease in arterial oxygen 
saturation following surgery, but each reached a level of approximately 80 per 
eent and had marked clinical improvement (Table VI). It is apparent that 
moderate stenosis of the left ventricular outflow tract is not a contraindication 
to the partial venous correction procedure. Patients D. M. and S. M. had 
clinical and catheterization evidence of pulmonary stenosis with moderately low 
pulmonary artery pressure but increased pulmonary blood flow. Of considerable 
interest in this regard is the added observation in patient J. L. (Fig. 3) that 
left ventricular outflow tract stenosis developed in the 5-month interval between 
the preoperative and postoperative catheterization studies. 
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J.L op. 6 wks. 
Cath.1: age 4 wks. Cath.2: age 6mos. 
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Fig. 3.—Preoperative and postoperative catheterization data on patient J. L. He was 
catheterized at the age of 4 weeks (left diagram) and operated upon at 6 weeks of age. 
Postoperative catheterization was done at 6 months of age (right diagram). Note apparent 
development of stenosis of left ventricular outflow tract in the postoperative period (see 
text). 

R.H. op. 12 mos. 
Cath.1: age 8mos. Cath. 2: age 18 mos. 
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Fig. 4.—Preoperative and postoperative catheterization data on patient R. H. He was 


catheterized at the age of 8 months (left diagram) and operated upon at 12 months of age. 
Postoperative catheterization was done at the age of 18 months (right diagram). 
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Partial venous correction has been performed on a few children with mark- 
edly increased pulmonary vascular resistance but, as previously stated, there has 
been only minimal or moderate clinical improvement in this group. M. B. 
represents such a patient (Table VI), with a preoperative arterial oxygen satura- 
tion of 77 per cent and a moderately large left-to-right shunt at the ventricular 
level associated with severe pulmonary vascular obstruction. The postoperative 
increase in arterial saturation to 81 per cent was associated with slight clinical 
improvement. 


Fig. 5.—Postoperative venous angiogram through inferior vena cava which demonstrates 
large thrombus formation at upper end of a Teflon prosthesis used to transfer the inferior 
vena cava to the left atrium. . 


USE OF TEFLON PROSTHESIS 


Since September, 1959, when the series reported in the earlier section of 
this paper was completed, use of homologous aortic grafts has been discontinued 
and Teflon prostheses have been inserted to transfer the inferior vena from the 
right atrium to the left atrium. Otherwise the operative procedure is the same 
as that just described. Thirty-one patients have now been operated upon with 
the use of Teflon prostheses. Eleven of these patients have died following opera- 
tion, an immediate operative mortality rate of 35.5 per cent. In general, the 





308 : BAFFES ET AL. PI sang ay 
causes of death have not differed from those described in the first series. In 1 
patient, however, a thrombus did form at the junction of the Teflon graft with 
the inferior vena cava (Fig. 5). This patient was operated upon for removal 
of the thrombus as soon as the diagnosis was made, but he did not survive the 
second operative procedure. 

This one definite instance of thrombus formation in the Teflon prosthesis 
is in keeping with our own observations in the laboratory that there is a slightly 
higher incidence of thrombus formation with plastic prostheses than with 
homologous aortic grafts. However, it is true, as in other types of cardio- 
vascular operations, that plastic prostheses have greatly facilitated introduction 
of artificial conduits. The ineidence of thrombus formation is relatively 
small and should decrease with further experience. It has not occurred since 
the single episode early in the series. We do not have long-term follow-up 
studies of replacement of the inferior vena cava by Teflon prostheses in human 
beings. However, these have been introduced into animals which have been 
followed thus far for 16 months without serious complications. We feel that 
Teflon prostheses ean be used to replace homologous aortic grafts in this opera- 
tive procedure. 


SUMMARY 


1. Five years’ experience with partial correction of transposition of the 
great vessels by transplanting the inferior vena cava and the right pulmonary 


veins is described. 

2. One hundred and forty-eight patients have been operated upon in this 
manner; homologous aortic grafts were used in 117 instances and Teflon pros- 
theses were used in 31. 

3. The operative procedures with homologous aortic grafts were analyzed 
with regard to mortality rate, long-range clinical results, causes of death, and 
available physiologic data. 

4. Our opinions and methods for proper selection of patients for this opera- 
tive procedure are discussed. 
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DISCUSSION 


DR. DENTON A. COOLEY, Houston, Texas.—Anyone familiar with the physiologic, 
anatomic, and technical problems concerned with surgical correction of complete transposition 
of the great vessels must admire the results which Dr. Baffes has reported. The operation 
which he is using is, of course, palliative in nature and not a complete repair. We have used 
this technique in 4 patients with fair or good results. One drawback, in my opinion, is that 
the operation is complicated and technically difficult, particularly in small infants. 
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Our preference for most cyanotic transpositions is for the Blalock-Hanlon operation of 
creation of an interatrial septal defect. This procedure is well tolerated by infants since the 
technique is simple and may be accomplished quickly. It avoids using a graft in the venous 
system which may be too small as the infant grows and is subject to the well-known thrombotic 
complications of grafts placed in the veins. The Blalock-Hanlon procedure does not eliminate 
the possibility of future total correction of the anomaly when a satisfactory technique is ulti- 
mately developed. 

(Slide) We have used the Blalock-Hanlon technique in 62 patients, most of whom were 
small infants, often in extremis from severe cyanosis. In the last 31 patients there were three 
deaths and results in the survivors were considered good or satisfactory in most. Unfortunately 
it is difficult to be completely objective in evaluating the results, but survival itself is a favor- 
able recommendation of the procedure. 

Finally, however, I would like to compliment Dr. Baffes on his outstanding contribution 
in treatment of this challenging lesion. 


DR. BAFFES (Closing).—Dr. Senning’s total correction procedure has a great deal of 
merit, because it is relatively simple. It can be done in about 18 minutes, which is a remarkable 
thing. 

It has also another advantage, in that it has incomplete suture lines, which probably will 
provide for growth. We have talked this out many times, and it seems to us that three things 
must be done for the transposition complexes: 


1. Some kind of technical method must be developed to put the systemic and pulmonic 
circulations in series. Senning’s technique is an excellent one. Perhaps an arterial method will 
be developed in the future. 

2. The patient must be allowed to grow. We shouldn’t overlook that factor. 

3. The pulmonary hypertension must be accounted for and taken care of. It seems to 
me that possibly some type of banding procedure in combination with the Blalock-Hanlon might 
be a preliminary method in infant transpositions. 


I’d like to show you one method of total correction that we are thinking about. This 
method is a venous correction and tries to encompass all the factors just mentioned. 

(Slide) We have found that in total corrections there are two difficulties. Either both 
circulations are asked to cross an atrial septal defect which is almost impossible for them to 
do, or the atrial chambers are distorted in such a way that they impede the drainage of the 
pulmonary veins. The patients die of anoxia or edema a few hours after the operation, 
although they get through the operation fairly well. 


In this procedure, the inferior vena cava is sutured directly to the left atrium while 
the pulmonary circulation is shunted through an atrial defect with an Ivalon patch. The 
superior vena cava is shunted directly through the right main pulmonary artery. I don’t know 
whether it’s going to work or not. We haven’t had the opportunity to try it yet. 





SURGICAL PALLIATION IN PATIENTS WITH EBSTEIN’S 
ANOMALY AND CONGENITAL HYPOPLASIA 
OF THE RIGHT VENTRICLE 


Milton Weinberg, Jr., M.D. (by invitation), Juan P. Bicof,, M.D. 
(by invitation), Magnus H. Agustsson, M.D. (by invitation), 
Zwi Steiger, M.D. (by invitation), Benjamin M. Gasul, M.D. 
(by invitation), Egbert H. Fell, M.D., and Lawrence L. Laun, 
M.D. (by invitation ), Chicago, Ill. 


apron ANOMALY is an uncommon congenital malformation of the heart, 
presumably caused by an arrest in the development and positioning of the 
tricuspid valve. The valve leaflets are attached near the midportion of the right 
ventricle, reducing the capacity of the ventricle to a varying degree. The ex- 
cluded segment of right ventricle usually takes on the thin-walled and dis- 
tensible characteristics of the adjacent right atrium. The resulting small ven- 
tricular chamber is, in effect, an area of resistance to right atrial emptying, 
reflected in the atrium by distention, hypertrophy, and elevation of pressure. 
These responses, basic to Ebstein’s anomaly, are identical to those of the very 
rare isolated hypoplasia of the right ventricle. There is an interatrial com- 
munication in approximately one half of the cases of Ebstein’s anomaly, either 
a patent foramen ovale or an atrial septal defect, through which right-to-left 
shunting of blood may take place. The displaced tricuspid valve may function 
normally or may be incompetent. In the occasional patient with minimal re- 
duction of right ventricular volume, no symptoms are present and the patient 
may have a normal life expectancy. In most eases, however, symptoms are 
present in childhood, or even in infancy, and are progressive. The majority 
of the patients will eventually become cyanotic, because of right-to-left shunting 
at the atrial level or chronie congestive heart failure, and death usually occurs 
in the first or second decade of life. 

During the past year we reported a case of congenital hypoplasia of the 
right ventricle with an associated atrial septal defect in which a superior vena 
cava—distal right main pulmonary artery (SVC-RPA) anastomosis was 
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Tq Presbyterian-St. Luke’s Hospital, and the Hektoen Institute for Medical Research, Chicago, 
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performed.! This procedure, which had been suggested several years ago by 
Glenn? * for palliation in Ebstein’s anomaly, reduces blood flow to the right 
atrium by approximately 35 per cent, and thereby seemed to be ideally suited 
to relieve the right atrial distention and pressure elevation. Similar anasto- 
moses have been performed in 3 patients with Ebstein’s anomaly, 2 of whom 
were briefly mentioned in an addendum to the initial report.' 


A. B. 


Fig. 1.—Case 1. A and B, Angiocardiograms which demonstrate flow of opaque medium 
jhe superior vena cava directly into right main pulmonary artery through end-to-end anas- 
omosis. 


CASE REPORTS 


Case 1.—A 4-year-old cyanotic child was admitted to the Cook County Hospital on 
March 26, 1959, with a history of a previous admission at the age of 2 in congestive 
heart failure. The child was small and thin, dyspnea and fatigue were noted on exercise, and 
clubbing of the nail beds was present. The clinical and accessory laboratory findings, in- 
cluding angiocardiography and cardiac catheterization, demonstrated enlargement and hyper- 
trophy of the right atrium, a mean right atrial pressure of 7 mm. Hg, and a mixed shunt 
at the atrial level, predominantly right-to-left. The peripheral arterial oxygen saturation 
was 80.6 per cent of capacity. A diagnosis of Ebstein’s anomaly was considered, but no 
displacement of the tricuspid valve could be demonstrated. 

An exploratory operation was performed on June 19, 1959, with a probable diagnosis 
of tricuspid stenosis. The operative findings confirmed the presence of an atrial septal defect, 
and, combined with the preoperative data, suggested a diagnosis of hypoplasia of the right 
ventricle. The performance of a SVC-RPA anastomosis was considered at this time, but the 
sternal splitting incision, in the opinion of the surgeon, did not permit adequate access to the 
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vessels. The child was allowed to recover from the operation, and on July 17, 1959, was re- 
explored through a right anterolateral incision in the fourth intercostal space. An end-to- 
end SVC-RPA anastomosis was performed without difficulty, during a 12-minute period of 
superior vena caval occlusion (Fig. 1). At the operating table, a marked decrease in right 
atrial distention was observed, and pressures recorded in the right atrium fell from a preshunt 
mean level of 8 mm. Hg to 0 after completion of the anastomosis (Fig. 2). The atrial septal 


Before S.V.C.@ R.P.A. 2 é After S.¥.C.- R.P.A. 


12. anastomosis. Anastomosis. 
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Fig. 2.—Case 1. Right atrial pressures recorded during surgery, with chest open, before and 
after SVC-RPA anastomosis. 
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Fig. 3.—Case 1. Right atrial pressures recorded at cardiac catheterization before and 2 
months after SVC-RPA anastomosis. 


defect was not closed, since it was thought that an additional site of decompression might 
be desirable with growth of the child. Recovery was uneventful, and, on discharge clinical 
findings were compatible with a reduction of right atrial pressure. 

The child was readmitted 3 months after operation for repeat studies. Symptomatic 
improvement was evident, with increasing exercise tolerance, a definite gain in physical and 
mental development, and disappearance of the cyanosis. Heart size, however, was similar to 
that of the preoperative size as shown on x-ray studies of the chest, and the electrocardiogram 
demonstrated similar evidences of right atrial hypertrophy. On cardiac catheterization, the 
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mean right atrial pressure was 4 mm. Hg, the peripheral arterial oxygen saturation was 89.4 
per cent of capacity, and a clearly predominant left-to-right shunt at the atrial level was 
demonstrated (Fig. 3 and Table I). 


TABLE [. CASE 1. PERTINENT PHYSIOLOGIC DATA, BEFORE AND AFTER SVC-RPA ANASTOMOSIS 








POSTOPERATIVE 
PREOPERATIVE (2 MONTHS ) 





Right atrial pressure (mean) 7 mm. Hg 4mm. Hg 
Peripheral arterial O, saturation 80.6% 89.4% 
Pulmonary blood flow .25 L./min./M.2 6.77 L./min./ 
Systemic blood flow 5.02 L./min./M.2 4.35 L./min. 





A, B. 


Fig. 4.—Case 1. A and B, Roentgenograms of the chest taken before and 9 months 
after SVC-RPA. anastomosis. Film of April 15, 1960, was taken with child in congestive heart 
failure. 


Approximately 9 months after operation, she was again admitted to the hospital, showing 
signs of congestive heart failure with cardiac enlargement evident on x-ray studies. Cardiac 
enlargement has persisted (Fig. 4), even though she responded promptly to digitalization 
with disappearance of the other signs of congestive heart failure. At the present time, 
symptomatic and developmental improvement over her preoperative status is still evident, and 
she remains acyanotic. Closure of the atrial septal defect in this child is being considered. 


Case 2.—A 14-year-old child was admitted to the Presbyterian-St. Luke’s Hospital on 
July 26, 1959, with a history of progressive dyspnea and cyanosis on minimal exertion. 
The child appeared chronically ill, physical activity was markedly limited, the heart was 
massively enlarged, and the pulse was grossly irregular. The physical and laboratory 
findings were diagnostic of Ebstein’s anomaly. Cardiac catheterization performed in 1956 
showed a mean right atrial pressure of 16 mm. Hg aud demonstrated the displacement 
of the tricuspid valve. 

An end-to-end SVC-RPA anastomosis was performed on July 29, 1959, which re- 
quired 12 minutes of superior vena caval occlusion, <A significant lowering of right atrial 





314 WEINBERG ET AL. J. Thoracic and 


Cardiovas. Surg. 


pressure was recorded following completion of the anastomosis. Immediately after opera- 
tion, petechiae were noted over the face and neck. Within another 12 hours the child 
was disoriented and the rectal temperature was 105.2 F. The fever was controlled with 
hypothermia blankets for 48 hours, after which the temperature stabilized near normal 
levels and the disorientation cleared. On the fourth postoperative day, however, the child 
died following a rapidly progressive episode of dyspnea, cyanosis, and vascular collapse. 

An autopsy demonstrated the characteristic displacement of the tricuspid valve, a 
patent foramen ovale, and a thrombus in the proximal stump of the right main pulmonary 
artery, propagating to occlude the left main pulmonary artery. 


A, B. 


Fig. 5—Case 3. A and B, Angiocardiograms which demonstrate flow of opaque medium 
through side-to-end SVC-RPA anastomosis. The right pulmonary veins and the left atrium 
are also faintly opacified. 


CAsE 3.—An 8-year-old child with a diagnosis of Ebstein’s anomaly, established on 
a previous hospital admission, was admitted to the Cook County Hospital on July 27, 1959. 
There were symptoms of exertional fatigue and dyspnea, but cyanosis was not present. 
Preoperative catheterization data demonstrated no significant intracardiac shunting, 
although an interatrial communication was demonstrated by passage of the catheter from 
the right to the left atrium. The mean right atrial pressure was 8 mm. Hg. 

On July 30, 1959, a side-to-end SVC-RPA anastomosis was performed (Fig. 5). At 
no time was the blood flow from the superior vena cava interrupted. Improvement in the 
right atrial distention was apparent, and pressures recorded in the right atrium decreased 
significantly after completion of the shunt. The child’s postoperative course was unevent- 
ful. 

Two months after operation, the child was improved symptomatically, and x-ray 
studies showed a decrease in heart size (Fig. 6). The electrocardiograms were unchanged 
in regard to evidence of right atrial hypertrophy. 
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C. 


Fig. 6.—Case 3. Roentgenograms of the chest taken before, 2 months after, and 8 
months after SVC-RPA anastomosis. C, Heart is somewhat larger than on film (B) of Oct. 
5, 1959, although still smaller than on preoperative roentgenogram (A). 
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On admission for restudy 6 months after operation, improvement in the preoperative 

symptoms was again noted. Heart size was increased, however, almost to its preoperative 

dimensions and, on cardiac catheterization, the right atrial pressure was essentially the 

same as before operation (Fig. 7). A significant left-to-right shunt at the atrial level 

was demonstrated, Closure of the atrial septal defect is also being considered in this 
child. 


CASE 4.—An 18-year-old male was admitted to the Presbyterian-St. Luke’s Hospital 
on Feb. 9, 1960, with a history of progressive exertional dyspnea and fatigue and signifi- 
cant retardation of growth and development. Clinical findings were consistent with a 
diagnosis of Ebstein’s anomaly. Cardiac catheterization data obtained on this patient 
from another hospital demonstrated an elevation of right atrial pressure, with a mean 
of 8 mm. Hg, and confirmed the displacement of the tricuspid valve. Peripheral arterial 
oxygen saturation was normal, and no evidences of an interatrial communication were 
found. 


_Pre-op e 


enone Senne anne Downe Cuan Sennen one 





Fig. 7.—Case 3. Right atrial pressures recorded at cardiac catheterization before and 
6 months after SVC-RPA anastomosis, which demonstrate equivalent levels of pressure and 
similar pressure-pulse contours. 


A side-to-end SVC-RPA anastomosis was performed on Feb. 18, 1960, without inter- 
ruption of blood flow from the superior vena cava. At the operating table, a decrease in 
right atrial distention was noted, and a decrease in right atrial pressure was recorded after 
completion of the anastomosis. The patient was discharged on the tenth postoperative 
day after an uneventful course. 

He was readmitted 2 weeks later with a massive right hemothorax. The blood was 
removed by thoracentesis and did not reaccumulate. He has since been well, with gradual 
improvement in exercise tolerance over his preoperative status. The heart size was un- 
changed according to roentgenograms made 2 weeks after clearing of the hemothorax, an 
interval too short to allow accurate evaluation. The electrocardiogram is unchanged from 
its preoperative appearance. He is to be restudied within the next several months. 


DISCUSSION 


The experience reported here, although obviously limited, has pointed out 
to us certain features of the technical conduct of the operation, and has allowed 
us to draw a few conclusions in regard to the influence of the shunt upon the 
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hemodynamics of these anomalies. In regard to the performance of the pro- 
cedure, we are particularly indebted to Dr. William Glenn of Yale University 
for his personal communications to us, confirming some of our own observations, 
and adding others resulting from his considerably greater laboratory and 
clinical experience with the procedure. 

Performance of either an end-to-end or side-to-end superior vena ¢ava- 
distal right main pulmonary artery anastomosis is not a difficult procedure, and 
has been described by Glenn,” * Robiesek and Sanger,® and others, along with an 
adequate physiologic background, so that no repetition of these details is neces- 
sary here. We have used only a right anterolateral thoracotomy and would 


A. B. 
Fig. 8—A and B, Angiocardiograms which show end-to-end anastomosis of superior vena 


cava and distal right main pulmonary artery in 7-month-old infant with tricuspid atresia. 
Blood flow into right lung appears adequate, but stricture at site of anastomosis is apparent, 
and infant had progressive signs of superior vena caval obstruction. 


prefer this approach. Others, however, have found a sternal splitting incision 
satisfactory and perhaps even preferable in their hands.‘ We are emphatic 
in our opinion that the end-to-end anastomosis, requiring a period of occlusion 
of the superior vena cava, should not be done. It is our impression from post- 
operative angiocardiographie studies that stricture formation at the site of 
anastomosis is more likely to oceur with the end-to-end technique, as demon- 
strated in 1 patient with tricuspid atresia in whom progressive signs of superior 
vena cava obstruction developed over a 2-month postoperative interval (Fig. 8). 
More impressively, the petechiae and evidences of brain injury exhibited by one 





318 WEINBERG ET AL. PO rg Mov 
child (Case 2) in the immediate postoperative period indicate that even short 
intervals of superior vena caval occlusion, 12 minutes in this instance, may be 
poorly tolerated occasionally. The side-to-end anastomosis may be performed 
without interruption of superior caval flow and has the added advantage of easy 
adaptation to a discrepancy in the transverse diameters of the two vessels to be 
joined together. 

The effectiveness of the shunt in achieving palliation in these patients is 
still open to question, despite the disappearance of cyanosis and developmental 
gains in one child (Case 1) and the symptomatic improvement in all of the 
surviving patients. There has been a significant elevation of peripheral arterial 
oxygen saturation in the previously cyanotie child but, in each of the patients 
recatheterized, right atrial pressures have returned to or near their preoperative 
levels, and the electrocardiograms continue to show marked right atrial hyper- 
trophy. Distention of the right atrium persists on the angiocardiogram. The 
catheterization data indicate that the increments of blood removed from the right 
atrium by the shunt have been replaced by blood flow through the atrial septal 
defect from the left atrium. It would seem to be a reasonable assumption that 
closure of the atrial septal defect is indicated in these patients and, in the future 
cases, should accompany performance of the anastomosis. 

Despite the fact that our data is as yet inconclusive, the apparent physio- 
logie soundness of this procedure, as it applies to Ebstein’s anomaly and hypo- 
plasia of the right ventricle, is such that further clinical trial is justified in 
carefully selected patients with severe and progressive symptoms in whom no 
other form of treatment is effective. 


SUMMARY 


Case reports are presented of 1 patient with congenital hypoplasia of the 
right ventricle and 3 patients with Ebstein’s anomaly, in whom superior vena 
cava-distal right main pulmonary artery anastomoses were performed. In all 
patients a decrease in right atrial pressure was recorded at the operating table. 
Symptomatic improvement has been achieved in the 3 surviving patients and, 
in 1 child who was cyanotic before operation, cyanosis is now absent. In the 
2 children studied by cardiac catheterization before and after operation, right 
atrial pressures have returned to or near the preoperative levels, due to left- 
to-right shunting through atrial septal defects. 

A side-to-end rather than an end-to-end anastomosis is preferred, since the 
latter technique requires temporary occlusion of the superior vena cava, expos- 
ing the patient to the possibility of cerebral injury. Stricture formation at the 
site of anastomosis may be more likely with the end-to-end anastomosis. 

Follow-up studies are incomplete, but further clinical trial of the superior 
vena cava-distal right main pulmonary artery anastomosis, accompanied by 
closure of the atrial septal defect when that additional anomaly is present, 
appears justified in severely disabled or deteriorating patients with Ebstein’s 
anomaly or hypoplasia of the right ventricle. 
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DISCUSSION 


DR. WILLIAM W. L. GLENN, New Haven, Conn.—As pointed out in our initial report 
on the vena cava-pulmonary artery procedure, this type of shunt as shown in the first slide 
(slide) is applicable to any condition characterized by malfunction of the right side of the 
heart, provided there is no obstruction to flow through the shunt, due either to anastomosis 
that is too small or an increased pulmonary arterial resistance. 

We have now employed the caval pulmonary artery procedure in 6 patients. The first 
of these patients is now more than 2 years postoperative. 

This slide demonstrates the condition of these patients pre- and postoperative. All pa- 
tients are markedly benefited by the procedure, corresponding to the increased arterial oxygen 
saturation. The 2 patients with tricuspid atresia were both infants. The 2 patients with 
tetralogy of Fallot deserve special mention. We believe that the Blalock or Potts procedure 
is entirely satisfactory in the young patient and that the corrective procedure is indicated in 
the older patient. However, these 2 patients had unusual conditions complicating the tetralogy 
of Fallot. One patient was a 41-year-old woman with congenital complete heart block and 
the second was a 6-year-old child with multiple constrictions of the pulmonary artery, clearly 
shown in the preoperative angiocardiogram. No further procedure is contemplated in either 
patient at the present time, although if a corrective procedure were decided on at a later date, 
it would not be necessary to in any way disturb the vena cava-pulmonary artery shunt. 

This procedure is a satisfactory one for several reasons. First, it provides for the direct 
delivery of venous blood to the lungs; second, the work of the left side of the heart is not in- 
creased; and third, the work of the right side of the heart is lessened, 


We are very appreciative of Dr. Weinberg’s demonstration that if the atrial defect is left 
open in the treatment of Ebstein’s anomaly with the vena cava-pulmonary artery procedure, 
one may then change a predominantly right-to-left shunt to a left-to-right shunt. We have 
1 patient with Ebstein’s anomaly whose major shunt is predominantly left-to-right, but in 


most of these patients it is right-to-left. 


DR. FREDERICK H. TAYLOR, Charlotte, N. C.—We certainly enjoyed Dr. Weinberg’s 
presentation very much—primarily, I suppose, because we agree with him, in that we feel that 
this is the operation of choice for tricuspid atresia. 

Our group in Charlotte has been interested in this operation since 1954, when Dr. 
Robicsek described it. We believe it can be extended beyond these criteria noted by Dr. Wein- 
berg, such as in certain tetralogies in the very young who are quite cyanotic. It is simple in 
that no pump system is required. 

(Slide) This is a case of a boy who had transposition with pulmonary stenosis. (Slide) 
That’s the preoperative angiogram and the postoperative angiogram, which show the increased 
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vascularity from this anastomosis. This child, 2 years postoperatively, has obliged us by 
standing on his head for prolonged periods of time, and has shown good flow from the superior 
caval drainage. (Laughter) 

This slide simply shows the increase in venous pressure during temporary occlusion of the 
vena cava for anastomosis and a return not to base line but a slightly elevated level. We do 
the end-to-end anastomosis, leaving the azygos vein open until the anastomosis is completed, 
and then divide the azygos vein. 


DR. WEINBERG (Closing).—I would like to thank Dr. Glenn and Dr. Taylor for their 
remarks, as well as for their original work, which helped us to formulate the therapy in these 


patients, 





MYOCARDIAL INFARCTION IN INFANCY 


The Surgical Management of a Complication of Congenital Origin 
of the Left Coronary Artery From the Pulmonary Artery 
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 pomeore INFARCTION in infancy is an uncommon condition but is being 
recognized during life with increasing frequeney. In the majority of in- 
stanees this finding is the result of a congenital lesion in which the left coronary 
artery arises from the pulmonary artery. In 1911, Abrikossoff* described the 
first case of this type and, recently, Keith? has reported a group of cases together 
with over 50 additional ones from the literature. In this malformation the left 
coronary artery arises from the pulmonary artery, a vessel which contains blood 
of diminished oxygen saturation and of low pressure. Infarction of the left 
ventricle usually occurs within the first several months of life and is associated 
with an extremely high mortality. Previous discussions of this subject in ‘the 
literature have directed attention to the dynamies of blood flow in the anomalous 
left coronary artery and to the pathogenesis of the myocardial infaretion which 
characteristically occurs. These points, as well as the therapeutic approach to 
this problem, have remained controversial. The purpose of this communication 
is to present a review of the clinical and pathologie findings in 12 patients with 
this condition. In this group of patients, investigative studies have been per- 
formed on postmortem specimens and at the time of operation. Particular at- 
tempts have been made to determine the anatomic features of the left and right 
coronary arteries and the collateral vessels between them. Injection and per- 
fusion studies were done in an effort to determine the direction of blood flow in 
the anomalous coronary artery, and arterial pressure and oxygen saturation 
determinations were done to establish (conclusively) this point. These findings 
have been utilized in an attempt to formulate a rational approach to the therapy 
of this condition. 


CLINICAL DIAGNOSIS 


In the majority of infants with anomalous origin of the left coronary artery 
from the pulmonary artery, the physical examination at birth is essentially nor- 
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mal and the child continues without evidence of a serious malformation for the 
first several weeks of life. Nevertheless, symptoms may appear at birth in a 
small number with rapid progression. In the present series, 2 infants were 
symptomatic at birth and all infants were ill by the age of 3 months. 


Symptoms.—In most instances the first abnormality noted is rapid and 
difficult respiration. This may progress to wheezing, coughing, and panting. 
In the more severe cases, cyanosis is present. It has also been noted that some 
infants show evidence of anginal pain, particularly during and after feeding. 
Often vomiting occurs and attacks of sweating, pallor, and dyspnea are a char- 
acteristic feature of this malformation. In many instanees a history of recurrent 
respiratory infections is obtained. Such infections tend to become more severe 
and more refractory to treatment with succeeding attacks. 


Physical Findings.—On examination the infant may appear either acutely 
or chronically ill. Respiratory difficulty is usually prominent with a rapid rate 
and use of the accessory muscles. Moist rales may be present and cyanosis of 
the lips and nail beds may accompany the more severe cases. Examination of 
the chest reveals marked cardiae enlargement. In most instances no murmur 
is audible, although a systolic murmur is at times heard over the precordium, 
particularly along the left sternal border. It should be noted that associated 
intracardiac defects may be present, and under these circumstances the murmur 
characteristic of the cardiac defect is heard. Enlargement of the liver is a 
consistent finding and the spleen is often palpable. In a small group of patients 
the presenting picture may be that of shock associated with the findings of acute 
myocardial infaretion. Marked tachyeardia, hypotension, and peripheral vascu- 
lar collapse characterize this form of the condition. 

Fluoroscopy and Chest Film.—The heart is massively enlarged involving 
chiefly the left atrium and left ventricle. The left cardiac border frequently 
extends to the lateral rib margin and the pulsations of the left ventricle are 
markedly diminished (Fig. 1, A and B). The pulmonary vascular markings are 
often increased. 

Electrocardiogram.—The electrocardiogram is usually characteristic, and 
the changes closely simulate those associated with myocardial infarction in the 
adult. The heart rate is rapid. In the standard leads, T, and T,. are usually 
inverted and the S-T segment in Lead I is slightly raised. The T waves in the 
precordial leads V; and V, are usually inverted and deep Q waves are often 
present. Additional changes may be present and these findings are classically 
reviewed in a recent publication by Keith.’ 

Angiocardiography.—Injection of radiopaque dye into the right heart 
demonstrates a normal right atrium and right ventricle. The pulmonary vascu- 
larity may be slightly increased, but the striking feature is the massive enlarge- 
ment of the left atrium and left ventricle. The latter is usually tremendous and 
has a very thin wall. The contrast medium may linger for a prolonged period in 
the left heart, indicating a sluggish cireulation secondary to a failing left ven- 
tricle. It is rare for the anomalous left coronary artery to be filled from the 
pulmonary artery during angiocardiography (Fig. 1, C). 
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Aortography.—The injection of dye directly into the aorta with filling of 
the proximal aorta usually demonstrates the right coronary artery with a normal 
origin. This vessel is often larger than normal and a communication by col- 
lateral vessels with the left coronary artery may be clearly demonstrated as has 
been shown by Morrow and associates.* 


Fig. 1.—A, Chest film which illustrates marked cardiac enlargement with extension of left 
cardiac border to the axillary line. B, Lateral view of A. C, Angiocardiogram which demon- 
strates marked enlargement of the left ventricle. The dye can be seen to extend almost to the 
axillary line, indicating that the left ventricular wall is quite thin. 


Cardiac Catheterization —There are few reports of cardiac catheterization 
available in patients with anomalous origin of the left coronary artery from the 
pulmonary artery. However, in those described, some of the findings include: 
(1) a low mixed venous saturation in the right heart, (2) elevation of the pul- 
monary arterial pressure, and (3) elevation of the pulmonary wedge pressure. 
The changes essentially represent left ventricular failure. 
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CASE REPORTS 


Twelve patients with anomalous origin of the left coronary artery from the 
pulmonary artery and resultant left ventricular myocardial infarction have been 
observed at The Johns Hopkins Hospital.:The diagnosis was made in infancy 
in each instance, and was confirmed either at operation or at postmortem ex- 
amination. All patients were less than one year of age. The youngest infant 
was a newborn child and the oldest 10 months. No child survived to the age of 
one year except those in whom operation was performed. No instances of 
anomalous origin of the left coronary artery from the pulmonary artery have 
been observed in adults in the present series, and this report comprises all pa- 
tients known to have this condition in this hospital. 


CasE 1.—This premature female infant was delivered by cesarean section and weighed 
2,160 grams. Immediately after birth, multiple congenital anomalies, including Mongolism, 
choanal atresia, and absence of the left forearm were noted. Respiratory distress was marked 
with retraction of the costal margins, rapid respiration, and cyanosis. The heart was 
enlarged and a loud systolic murmur was present over the entire precordium, The child’s 
course rapidly deteriorated and death occurred at the age of 26 hours. An electrocardiogram 
was not obtained. Postmortem examination revealed an anomalous left coronary artery 
arising from the pulmonary artery. In addition, a high interventricular septal defect, a 
cavernous angioma of the mitral valve, an absence of the left forearm, and Mongolism 
were found. The microscopic sections of the left ventricular myocardium did not reveal any 
evidence of infarction. 


Case 2.—This child, one week of age, had a history of rapid breathing since birth. 
On the seventh day of life she refused feedings and became markedly dyspneic. Sudden 
pallor with an ashen gray color appeared and emergency stimulants were administered. 
On admission to the hospital the infant was quite ill and dyspnea and cyanosis were apparent. 
The heart was enlarged and a soft blowing systolic murmur was present over the precordium. 
The liver was palpable three fingerbreadths below the costal margin. Fluoroscopy revealed 
the heart to be enlarged. 


Electrocardiogram: Sinus tachycardia with rate of 160. P-R interval 0.12. P, peaked 
and tall; QRS mainly downward deflection in all three leads. T, small in comparison to 
T. and T;. S-T segment in Lead III elevated. 

The child was placed in oxygen and given digitalis. However, cyanosis and dyspnea 
increased, and she died on the following morning at the age of 9 days, Postmortem exam- 


ination revealed an anomalous left coronary artery arising from the pulmonary artery. 
Focal areas of fresh infarction were seen microscopically in the left ventricle. A patent 
ductus arteriosus and patent foramen ovale were present. The lungs were congested with 
pulmonary edema, and hepatomegaly and ascites were noted. 


Case 3.—This female infant was first seen at the age of 10 weeks. At the age of 
one month, hoarseness and a weak cry had been noted. Subsequently the formula was taken 
poorly and the infant began to lose weight. A cough appeared and was followed by labored 
respiration. On examination the child was breathing rapidly and a paroxysmal cough was 
noted. Examination of the chest revealed marked cardiac enlargement with a soft blowing 
systolic murmur present along the left sternal border and also heard in the left scapular 
area. The liver was palpable 3 cm. below the right costal margin. Fluoroscopy showed an 
enlarged heart and the pulsations of the left ventricle were noted to be quite weak. 


Electrocardiogram: Sinus tachycardia with rate of 170. Notching of R wave in Leads I 
and IL with slurring of R and S in Lead III. T, and T, inverted. R wave notched in 
V,. T wave in V, inverted. 
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The patient was placed on digitalis and given oxygen. The infant’s condition gradually 
deteriorated and death occurred with cardiac failure at the age of 3 months. Postmortem 
examination revealed an anomalous left coronary artery arising from the pulmonary artery. 
Scarring of the papillary muscles with calcification and an acute myocardial infarction were 
seen in the microscopic sections. The lungs and liver were both congested. Large subendo- 
cardial sinusoids, regarded as persistent embryonic myocardial sinusoids, were present in 
the ventricle. A note on this case by Dr. Arnold Rich states: ‘‘Calcification of the 
necrotic tissue in these cases is doubtless associated with the high phosphorus of the plasma 
in infancy. It is well known that all types of necrotic tissue tend to caleify more readily 
in infaney.’’ 


CASE 4.—This 3-month-old male was first seen with a history of rapid respirations for 
several days. On examination the pulse rate was 176 and the respiratory rate 96. A definite 
gallop rhythm was present. The blood pressure was 100/40 mm. Hg. The heart was 
markedly enlarged and a harsh systolic murmur was heard over the entire precordium. 
The liver was palpable just below the right costal margin. Fluoroscopic and x-ray exam- 
ination revealed marked cardiac enlargement with the left heart border extending to the 
lateral rib margin, and the left atrium was tremendously enlarged. 


Electrocardiogram: Rate 130, sinus rhythm. P-R interval, 0.12 sec. QRS duration, 
0.06 sec. Left axis deviation and semihorizontal position. R in V, 15 mm, R in V; 
17 mm., inverted T waves present in Lead I, V;, and Vy. Deep Q waves and elevated 
S-T segments in V,; and V,. 

Digitalis was given but the child’s condition continued to deteriorate and death occurred 
at the age of 3144 months. Postmortem examination revealed a markedly enlarged heart. 
The left coronary artery arose anomalously from the pulmonary artery and a myocardial 
infarct was present in the left ventricle. 


CasE 5.—This 2-month-old Negro male was admitted to the hospital with a history 
of rapid respiration and difficulty in feeding. Physical examination revealed marked cardio- 
megaly. 


Electrocardiogram: Sinus tachycardia with rate of 180. Deep Q waves in Lead I. 
T wave inverted in Lead I and S-T segment depressed in Lead IT. : 

The infant was digitalized but his course progressively deteriorated and he died 
at the age of 4 months. At autopsy the left coronary artery arose from the pulmonary 
artery and infarction in the left ventricle was present. An atrial septal defect was also found. 


CasE 6.—This 10-month-old female infant was admitted with a history of rapid respira- 
tions and difficulty with feeding since the age of 6 weeks. On examination, signs of 
atelectasis of the right upper and right lower lobes were present. The heart revealed 
marked enlargement and a soft systolic murmur was present. The liver was enlarged. 
The nail beds were cyanotic. Fluoroscopic examination and chest films revealed a 
marked enlargement of the left atrium and left ventricle. 


Electrocardiogram: Sinus tachycardia with rate of 190. T waves inverted in V, and V,. 

Cardiac catheterization was attempted but was terminated by irreversible ventricular 
fibrillation. Postmortem examination showed an enlarged, thin-walled left ventricle with 
infarction. The left coronary arose from the pulmonary artery. Calcification was present 
in the infarcted ventricle. 


CasE 7.—This 3-month-old infant was admitted with a history of dyspnea. The child 
had appeared normal at birth but at the end of the second month of life regurgitation 
began. Each feeding was associated with gasping respiration and attacks of apparent 
pain, severe dyspnea, and cyanosis. On examination the heart was enlarged. No murmurs 
were present. The liver was palpable three fingerbreadths below the right costal margin. 
Fluoroscopic and x-ray examinations revealed marked enlargement of the left atrium and 
left ventricle. 


Electrocardiogram: Deep T waves in Lead I, V;, Vz, and aVz. QS pattern in V,. 
S-T segments markedly elevated in Lead I, V,, V,, and aV, with inversion of T waves. 
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A diagnosis of anomalous origin of the left coronary artery from the pulmonary 
artery with left ventricular myocardial infarction was made, and the child was digitalized. 
An improved flow of oxygenated blood through the anomalous coronary artery by means of 
a pulmonary-aortic anastomosis was attempted but was unsuccessful, and the child died 
one hour after operation. At autopsy, an anomalous left coronary artery arising from 
the pulmonary artery was found. Massive scarring with focal calcification was present 
in the left ventricle and in the interventricular septum. 


Case 8.—This 2-month-old female was admitted with a history of difficult breathing 
and vomiting. On physical examination the respiratory rate was 60 and the infant was 
obviously acutely ill and appeared to be in peripheral vascular collapse. The heart was 
markedly enlarged. No murmurs were heard. A gallop rhythm was present. The liver was 
palpated 3 em. below the right costal margin. The blood pressure was repeatedly found 
to be quite low, with a maximum of 80 mm. Hg systolic being obtained. The child’s 
condition was critical and the hypotension persisted. 


L.coronary —% 


a 
f D 
( 
Fig. 2.—A, Chest film which shows marked cardiac enlargement (Case 11). 


B, Injection of heart shown in chest film at postmortem examination. Cannulae have 
been placed in the right coronary and left coronary arteries. The cannula in the left coronary 
artery extends into the anterior descending branch. Diodrast was injected into the right 
coronary artery and communications between it and the left coronary artery with filling of the 
anterior descending and circumflex branches is easily seen. The dye appeared in the pulmonary 
artery at the orifice of the anomalous left coronary artery. It is interesting that the left 
coronary arterial system filled prior to entry of the dye into the venous system. 


Electrocardiogram: Sinus rhythm with rate of 160. S-T segments elevated in V,, 
V,, and V; TT waves inverted in Lead I and V,. Q wave present in Lead I and aVy,. 

The infant was placed in oxygen and given digitalis. It was necessary to begin 
an intravenous infusion of metaraminol bitartrate (Aramine). The arterial pressure rose 
from 70/30 to 90/70 mm. Hg with a concomitant improvement in the general appearance. 
On several occasions an attempt was made to discontinue the intravenous administration 
of vasopressor but, in each instance, the blood pressure promptly fell to shock levels. 
Increasing amounts of Aramine became necessary in order to maintain the arterial pressure, 
and it was decided that the condition was hopeless unless a surgical procedure could offer 
benefit. Accordingly, one week following admission, the left chest was opened and the 
heart was found to be massively enlarged with infarction of the left ventricle. The child’s 
blood pressure fell to unrecordable levels accompanied by a marked bradycardia. It was 
apparent that the situation was desperate. However, the left coronary artery was dissected 
and was found to arise from the left pulmonary artery. It was ligated and the heart 
action became improved temporarily, but the heartbeat ceased shortly thereafter and could 
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not be resuscitated. Postmortem examination revealed an anomalous left coronary artery 
arising from the pulmonary artery with infarction of left ventricle (Fig. 3, 4). 


CasE 9.—This 2-month-old infant was admitted with a history of difficult respirations 
and with a feeding problem. An examination at the end of the first month of life was said 
to be normal. At the age of 6 weeks the child suddenly became dyspneic while feeding. On 
examination the heart was enlarged to the anterior axillary line and the sounds were distant. 
A Grade 2, slightly harsh systolic murmur was heard along the left sternal border and 
radiated over the precordium. The liver was palpable 1.5 em. below the right costal margin, 
and the spleen was felt 2 em. below the left costal margin. 


R.coronary a. 
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Fig. 3.—A, Specimen obtained at the time of postmortem examination (Case 8). The left 
coronary artery arises anomalously from the pulmonary artery. The dilated left ventricle with 
aneurysmal area of infarction is seen. 

B, Diagrammatic illustration of blood flow in the anomalous left coronary artery before 
and after ligation at its origin. Prior to ligation the blood flowed from the aorta under sys- 
temic arterial pressure (with complete oxygen saturation) into the right coronary artery and 
through collateral vessels into the left coronary artery with ultimate drainage into the pulmo- 
nary artery in a retrograde manner, Following ligation of the anomalous left coronary at its 
origin, the arterial blood from. the right coronary artery is directed peripherally into the 
branches of the left coronary artery where it reaches the myocardial vascular bed. 
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Electrocardiogram: Sinus rhythm with rate of 140. QRS duration 0.05. Deep Q waves 
in Lead I, aVp, aV;, Vy, and V,. S-T segment elevation in V, and V,. T waves inverted 
in V, and V,. 

Fluoroscopy and chest films revealed marked cardiomegaly. A cine-angiocardiogram 
(taken at the Memorial Hospital of the University of North Carolina) revealed a small right 
heart with a massively dilated left ventricle. The left ventricular wall was thin and pulsa- 
tions were barely discernible. There was no evidence of filling of the left coronary artery 
from the pulmonary artery. A diagnosis of anomalous origin of the left coronary artery 
from the pulmonary artery with myocardial infarction was made. 

At thoracotomy the heart was found to be massively enlarged. There was a large infarct 
on the anterolateral surface of the left ventricle. The pulsations in this region were para- 
doxical and the myocardium quite thin (Fig. 4, 4). The left coronary artery arose from the 
pulmonary artery. It was dissected at its origin and was found to be of normal size. Its an- 
terior descending and cireumfiex branches were visualized (Fig. 4, B). The mean pressure in 
the left coronary artery was measured and fuund to be 30 mm. Hg (Fig. 6, 4). An arterial 
clamp was then applied to the artery at its origin from the pulmonary artery and the pressures 
in the left coronary artery were again measured. With occlusion of the left coronary at its 
origin, the pressure distal to the clamp was 75 mm. Hg. A simultaneous mean pressure in the 
pulmonary artery was 25 mm. Hg. Blood drawn from the anomalous left coronary artery for 


Fig. 4.—A, Photograph of heart at the time of operation. The area of infarction of the 
hy ventricle is seen. This portion of the ventricle contracted paradoxically with the beat of 
the heart. 


B, Photograph which illustrates operative dissection of the left coronary artery at its 
origin from the pulmonary artery. Two ligatures are shown and a third was subsequently 
placed. The vessel was ligated at its origin proximal to the branching of the anterior de- 
scending and circumflex branches. 


oxygen content was found to be 100 per cent saturated while a simultaneous sample from the 
pulmonary artery was found to have a saturation of 76 per cent (Fig. 6, B). These observa- 
tions demonstrated conclusively that blood flow in the anomalous coronary artery was retro- 
grade into the pulmonary artery (Fig. 3, B). The anomalous left coronary was then ligated 
close to the pulmonary artery with three silk sutures. The pericardium was removed and con- 
centrated phenol (88 per cent) was applied to the entire surface of the upper epicardium. 
Postoperatively the child made an uneventful recovery. 

A recent report from the attending cardiologist, approximately one year following 
operation, states that the child is developing normally. The electrocardiogram shows less 





Vol. 40, No. 3 MYOCARDIAL INFARCTION IN INFANCY 329 
September, 1960 


evidence of myocardial ischemia and the heart is somewhat smaller on the chest film. The 
child is essentially asymptomatic. 


CasE 10.—This 3-month-old Negro female was admitted with a history of difficult 
breathing which was first noted at the age of 6 weeks. Shortly thereatter a cough appeared 
and the dyspnea became more pronounced. On examination the child was acutely ill with a 
respiratory rate of 70. The cardiac sounds were of poor quality and no murmurs were 
heard. Fluoroscopic examination and chest films revealed a markedly enlarged heart, chiefly 
involving the left ventricle. 


Electrocardiogram: Sinus tachycardia with rate of 180. Q wave in Lead I with in- 
version T waves in Leads I, II, and III. T waves in V, and V; upright. T waves in V, and 
V, inverted. 

An angiocardiogram showed normal filling of the right atrium and right ventricle. The 
left ventricle was greatly dilated. A diagnosis of anomalous origin of the left coronary 
artery from the pulmonary artery was made and operation was elected. 

On Feb. 17, 1958, a left thoracotomy was performed. The left ventricle was markedly 
enlarged and an obvious infarct was present on the anterolateral wall. Here the myocardium 
was scarred and thin, and this area contracted paradoxically. The pressure in the left 
ventricle was found to be 120/40 mm. Hg. The marked elevation in diastolic pressure was 
impressive and reflected the failing left ventricle. The pericardium was excised and concen- 
trated phenol (88 per cent) was applied to the entire surface of the epicardium. The thymus 
gland and fatty tissue in the mediastinum was sutured over the surface of the left ventricle. 
The postoperative course was entirely uneventful. 


Calcification 


Fig. 5.—A, Photomicrograph of section from the right ventricle (Case 11). The myo- 
cardium is completely normal. There is no evidence of scarring. 

B, Photomicrograph of section from the left ventricle in Case 11. Marked fibrosis and 
calcification are noted. The ventricle in this area was quite thin and the site of an infarction 
measuring 4 cm. in diameter. 


Since discharge the child has had several attacks of upper respiratory infections, but 
otherwise has remained well. The cardiomegaly persists, as do changes in the electrocardio- 
gram, indicating myocardial ischemia. However, the child is considerably improved over 
the preoperative status. 


CasE 11.—This 3-month-old Negro male was admitted with a history of marked dyspnea. 
On examination the temperature was 39.6° C., pulse 200, and respirations 110. The blood 
pressure was not obtainable. The infant was obviously acutely ill and almost moribund. 
Respiratory distress was marked. The heart was markedly enlarged. No murmurs were 
heard. The liver was palpable 3 em. below the right costal margin. Fluoroscopic and x-ray 
examination showed a markedly and symmetrically enlarged heart (Fig. 2, 4). 
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Electrocardiogram: Sinus tachycardia with rate of 170. S-T segment elevated in 
V, and V,. T waves inverted in V,; and V,. 

The infant was placed in oxygen and digitalized which produced considerable improve- 
ment. The child was later discharged but readmission was necessary because of the reap- 
pearance of cardiac failure. An angiocardiogram demonstrated a small right atrium and 
right ventricle. The dye passed freely through the pulmonary circulation into a large left 
ventricle with a very thin wall. A diagnosis of anomalous origin of the left coronary artery 
from the pulmonary artery was established. 

On Sept. 10, 1956, a left thoracotomy was performed. At this time the child was 8 
months of age. Immediately upon opening the pericardium the heart entered ventricular 
fibrillation and it was never possible to restore a normal beat. The anterior surface of the 
left ventricle was involved in a massive infarct with a thin, fibrous wall. Postmortem ex- 
amination revealed an anomalous left coronary artery arising from the pulmonary artery and 
a large left ventricular infarct (Figs. 2, B, and 5). 


CasE 12.—This female infant was admitted with the history of easy fatigability and 
difficulty during feeding. Labored respiration and a cough had also been noted. On ex- 
amination the lips and nail beds were cyanotic. The heart was markedly enlarged and no 
murmurs were heard. Fluoroscopic examination and chest films revealed a markedly enlarged 
heart. 


// L.coronary 
} Ao. 4 


Left coronary pressure 25 mm.H6. 
(With occlusion at origin :75mm.Hg) 

Fig. 6.—A, Diagrammatic illustration of the pressure in an anomalous left coronary 
artery. The mean pressure in this vessel was found to be 30 mm. Hg. With occlusion of the 
vessel at its origin from the pulmonary artery with an arterial clamp, the systolic pressure 
rose to 75 mm. Hg. A simultaneous mean pressure in the pulmonary artery was 25 mm. Hg. 
These determinations demonstrate that the blood in the anomalous left coronary artery was 
supplied by the right coronary artery through anastomotic collateral channels. 

B, Diagrammatic illustration of determination of oxygen saturation in anomalous left 
coronary artery. Blood withdrawn from this vessel had an oxygen saturation of 100 per cent 
while a simultaneous sample from the pulmonary artery had an oxygen saturation of 76 per 
cent. These figures indicate that the blood in the anomalous coronary artery does not arise 
from the pulmonary artery, but is supplied from the right coronary artery. 


Electrocardiogram: Sinus tachycardia with rate of 180. S-T segment elevated in Vs, 
and T waves inverted in V,, V;, and V,. Q waves in V,, V3, and V,. 

An angiocardiogram demonstrated a tremendous left ventricle with a thin wall. The 
left ventricular contraction was poor. <A firm diagnosis of anomalous origin of the left 
coronary artery from the pulmonary artery with left ventricular myocardial infarction was 
made. 

On Sept. 21, 1956, a left thoracotomy was performed. On entry into the pericardium 
a moderate amount of free fluid was present. The left ventricle showed a large infarct. 
This area of the heart was quite fibrotic and thin. It contracted paradoxically with the beat 
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of the heart. The pericardium was removed and a concentrated solution of phenol (88 per 
cent) was applied to the entire epicardial surface. The left lung was sutured to the surface 
of the left ventricle. The postoperative course was uneventful. 

Since discharge she has been seen on several occasions for follow-up examinations and 
has developed normally. Cardiomegaly and electrocardiographic evidence of myocardial 
ischemia persist, but the child is now 4 years of age and appears otherwise normal. 


DISCUSSION 


Although it may appear somewhat paradoxical, myocardial infaretion in 
infaney is recognized as a definite clinical entity and is being discovered during 
life with increasing frequency. Death from myocardial infarction in this age 
group has been reported following calcification of the coronary arteries,® ° throm- 
bosis of coronary arteries without calcification,’ and in association with anoma- 
lous origin of the left coronary artery from the pulmonary artery.” * The latter 
condition is considered to be the most common of this group. In 1911, Abri- 
kossoff! reported the first case of anomalous origin of the left coronary artery 
from the pulmonary artery. This description stimulated little interest until 
Bland, White, and Garland? first described diagnostic features of this condition 
in the electrocardiogram of an infant with this diagnosis. Since that time 
inereasing interest has been shown in the malformation, and a number of cases 
and clinical studies have been reported. Recently Keith has published an 
excellent review of his cases, together with those previously reported, bringing 
the total number to nearly 60.” 

The pathogenesis of the left ventricular myocardial infarction in patients 
with anomalous origin of the left coronary artery from the pulmonary artery 
has attracted considerable attention and speculation. It has been the opinion of 
some that the left ventricle becomes infarcted as a result of the perfusion with 
blood of a low oxygen saturation and under a low pressure. This is explained 
by the fact that the normal pressure in the pulmonary artery is considerably 
lower than that in the aorta and that the oxygen saturation of the blood within 
it is also low. However, a recent review of an early report by Brooks,’® pub- 
lished in 1886, has stimulated a new approach. This anatomist reported two 
instances of anomalous origin of the right coronary artery from the pulmonary 
artery. These cases occurred in adults and were found incidentally in cadavers 
in the dissecting laboratory. He made the observation that extremely large 
arterial communications were present between the branches of the anomalous 
right coronary artery and the normal left coronary artery. Since the pressure 
in the pulmonary artery was quite low, he concluded that under these cireum- 
stanees blood in the right coronary artery must flow in a retrograde manner. It 
was his concept that blood entered the left coronary artery from the aorta under 
high pressure and passed through collateral vessels into the right coronary artery 
with ultimate drainage into the pulmonary artery. No infarction was described 
in either of these cases and indeed it is a well-known fact that many instances 
of anomalous origin of the right coronary artery from the pulmonary artery 
have been described which are asymptomatic and unassociated with pathologie 
changes. This concept also gained the support of Maude Abbott and, more 
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recently, Edwards’? has added further evidence for this explanation. He has 
emphasized the fact that low oxygen saturation alone is unlikely to produce 
ischemia, inasmuch as many patients with congenital cyanotic heart disease have 
far lower oxygen saturation in the coronary arteries than exists in the pulmonary 
artery. Apley and associates'® have reported that at the time of operation bright 
red blood was noted to flow freely from the distal end of an anomalous left 
coronary, indicating that it originates from an arterial source. Case and asso- 
ciates* have performed injection studies on specimens at postmortem examina- 
tion and have demonstrated free communication between the left and right 
coronary arteries. 

In the studies reported in the present communication, attention has been 
directed to the observations made during perfusion of the right coronary artery 
at the time of postmortem examination. Contrast medium injected into the 
right coronary artery freely crossed into the left coronary artery through easily 
visible collateral vessels (Fig. 2, B). This indicates that the path of least resist- 
ance is through the collateral channels between the right and left coronary 
cireulation in preference to an initial route into the coronary venous bed (Fig. 
3). Following injection, the dye ultimately appeared in the pulmonary artery at 
the orifice of the anomalous left coronary artery. In a second study performed 
at the time of operation (Fig. 4), it was demonstrated that the blood in the 
anomalous left coronary artery is arterial and with an oxygen saturation of 100 
per cent (Fig. 6, B). Furthermore, the pressure in this vessel rose appreciably 
when the left coronary artery was occluded at its origin (Fig. 6, A). These data 
conclusively demonstrate that the blood in the anomalous left coronary artery 
flows in a retrograde direction, and that blood entering the right coronary artery 
from the aorta passes through collateral vessels into the left coronary artery 
with ultimate drainage into the pulmonary artery. Under these circumstances, 
it is apparent that arterial blood is being drained away from the left ventricle 
despite the fact that this oxygenated blood is greatly needed by the myocardium. 
This fact led Edwards’ to suggest that ligation of the left coronary artery at its 
origin might significantly improve the circulation to the left ventricle. This was 
first performed by Mustard in 1956, but the child died suddenly 8 hours after 
operation.'*® Jahnke’® performed this procedure on a 4-month-old infant and, 
although the child did well in the immediate postoperative period, she died 2 
months later in cardiac failure. Davis'’ has performed ligation of the anomalous 
coronary artery in an infant 4 months of age with success at the time of report. 
Morrow® has recently observed an interesting case in which an anomalous left 
coronary artery from the pulmonary artery was proved by aortography and 
later at operation. A ligation of the anomalous coronary artery with de- 
epicardialization and cardiopneumopexy was performed. This infant has done 
remarkably well and one year following operation shows diminished electro- 
eardiographie evidence of myocardial ischemia. The course of this child appears 
to be similar to one of the infants in the present report. 

An increasing number of reports of anomalous origin of the left coronary 
artery from the pulmonary artery is appearing in the literature. Furthermore, 
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it is apparent that the diagnosis is being made with increasing frequency at a 
time when it is possible to institute therapy. An analysis of the reported results 
indicates that the mortality in untreated cases is quite high and death usually 
occurs in the first year of life (Fig. 7). Although Kaunitz® collected a small 
number of eases of adults with this condition, the great majority of patients 
with this disorder do not survive beyond infancy. The diagnosis can be made 
with considerable accuracy by the history, physical examination, chest film, and 
electrocardiogram. However, in doubtful cases, angiocardiography and aortog- 
raphy may be employed to confirm the diagnosis. 

In the past a variety of methods have been advocated in an effort to im- 
prove the circulation to the left ventricle. These procedures have included: 
(1) a systemic-pulmonary anastomosis in an effort to increase the oxygenation 
of the blood in the pulmonary artery’; (2) the production of an increased pres- 
sure in the proximal pulmonary artery by a constriction placed immediately 
distal to the origin of the anomalous coronary artery’*; (3) the introduction of 
tale into the pericardial cavity to stimulate collateral circulation and the in- 
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Fig. 7.—Comparison of age of death in present series and collected series reported by Keith. 


growth of new vessels into the ischemic ventricle’; (4) the direct anastomosis 
of a systemic artery to the anomalous left coronary artery; (5) resection of the 
infarcted area in an effort to eliminate the paradoxical motion of the left ven- 
tricle’*; and (6) ligation of the anomalous coronary artery at its origin, either 
alone or combined with pericardiectomy and de-epicardialization.t Despite these 
suggestions, only pericardial irritants and ligation of the anomalous coronary 
artery have been reported to be effective. There is little doubt that a recon- 
structive procedure such as the anastomosis of the anomalous coronary to a 
systemic vessel is the ideal approach. However, it should be noted that these 
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infants are almost always in an extremely poor condition and tolerate surgery 
poorly. The fact that every patient in the present series without surgical 
therapy died before the first year of life bears emphasis. Since death has 
occurred frequently with induction of anesthesia or shortly after the onset of 
the operation, a rapid and simple procedure with a minimum of dissection is 
most likely to be followed by survival. Strong emphasis should be placed upon 
the importance of early diagnosis and treatment before irreversible infarction 
occurs. At the present it appears that ligation of the anomalous left coronary 
artery at its origin combined with pericardiectomy and de-epicardialization 
offers the greatest chance for survival and improvement. The favorable course 
of 3 of 5 infants treated by one or both of these methods in the present report 
supports this view. 


SUMMARY 


Myocardial infarction in infancy is most frequently the result of an anoma- 
lous origin of the left coronary artery from the pulmonary artery. Twelve cases 
are reviewed and the diagnostic, pathologic, and therapeutic aspects are pre- 
sented. Emphasis is placed upon the high mortality rate in those cases managed 
without operation. Evidence is presented which supports the concept that the 
blood flow in the anomalous left coronary artery is retrograde and that arterial 
blood is actually drained away from the myocardium into the pulmonary artery. 


This finding is utilized in the therapeutic approach. Ligation of the anomalous 
left coronary artery at its origin combined with revascularization by pericardi- 
ectomy and de-epicardialization have been shown to produce encouraging results. 
Early diagnosis and treatment are mandatory if significant improvement is to 
be obtained before irreversible changes of myocardial infaretion occur. 
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DISCUSSION 


DR. CLAIR BASINGER, Grand Rapids, Mich—My associates Richard Rasmussen, 
Richard Meade, and I had an opportunity recently to study a 12-year-old symptomatic child 
with a continuous murmur. She had had a number of studies, including repeated right cardiac 
catheterizations, and we thought we established the diagnosis with retrograde angiograms. This 
slide shows the origin of a single left coronary artery. It is a large artery, three to four times 
normal size and, as the dye fills the vessels, we find a right coronary artery coming off the 
left, a single coronary artery here (indicating), and there is a right coronary artery—right 
ventricular fistula demonstrated at this point. 

This slide is an artist’s drawing of the operative specimen which shows the origin of the 
left and single coronary artery, with the right coronary artery coming down anomalously with 
a fairly large right ventricular fistula. The fistula was divided at its origin, and the entire 
right coronary artery circulation was preserved. 

We could demonstrate no electrocardiographic changes of significance during or immedi- 
ately after surgery. The child’s murmur has since disappeared completely and she is 
asymptomatic. 


DR. JOSEPH GILBERT, Bethesda, Md.—At the National Heart Institute we have not 
had the extensive experience of Dr. Sabiston with this entity but our findings corroborate in 
every respect those that he has put forth this morning concerning the pathophysiology and 
surgical treatment of the lesion. 

This slide is of an aortogram performed on a 4-month-old child. Although the right 
opacifies immediately the left coronary artery cannot be seen until (slide) later in the film 
series, when it is thus demonstrated to fill in a retrograde fashion via collaterals from the 
right. 

The child was operated upon, at which time the anomalous left coronary artery was ligated 
and the epicardium painted with dilute phenol. He has been followed for 14 months, has 
grown and developed normally, and has exhibited remarkable regression in the electrocardi- 
ographie changes, which showed an anterior infarction pattern preoperatively. 


DR. WILLIAM T. MUSTARD, Toronto, Ontario.—TI should like to make one comment— 
that is that I think it’s better to have two coronaries than one. 


(Slide) The operation consists of turning down the internal carotid and anastomosing it 
to the coronary artery. This anastomosis is quite feasible, and the internal carotid in the 
infant is about the same size as the coronary. 

Unfortunately, as you can see from the slide, this patient didn’t survive, and my other 
2 patients didn’t either, but I still think it’s a good operation. (Laughter and applause.) 


DR. LEWIS H. BOSHER, Richmond, Va.—I would like to present a case which may be 
of some interest and which tends to back up what Dr. Mustard has just said. 

Anastomosis of the left subclavian artery to the anomalous left coronary has been sug- 
gested and previously attempted by Apreis. We encountered a 4-year-old child who was still 





336 SABISTON, PELARGONIO, TAUSSIG J. Thoracic and 


Cardiovas. Surg. 


alive with this unusual condition. (Slide) This child had been treated in the hospital on 
numerous occasions—I think, fourteen in all—for congestive failure. The child was old enough 
to complain of chest pain. This slide shows the large heart which the child exhibited. 

Aortography (slide) demonstrated a single coronary vessel coming off the aorta. The 
left coronary is not seen. 

This slide is the artist’s drawing of the conditions exhibited at surgery, showing a large 
anomalous vessel arising from the pulmonary artery. It was quite feasible to turn down the 
left subclavian artery and to anastomose it with the distal divided anomalous coronary artery. 

Unwisely, we attempted pressure studies in the patient, and the child’s heart went into 
ventricular fibrillation. We could not get the heart defibrillated until we had placed the child 
on the bypass, and at that time we proceeded to carry out the anastomosis. 

This slide shows a rather good match between the two vessels and the adequate length of 
the left subclavian artery. Unfortunately, we could not get the child off the bypass. 

This slide shows the match between the vessels as exhibited at postmortem examination. 

(Slide) There was an infarct at the apex of the left ventricle, as shown here; (slide) 
and the open specimen shows the infaret, which was rather extensive. We feel that this is a 
feasible operation, at least in older infants, if the child survives to this age. I don’t know how 
satisfactory it would be in the very young infant. 


DR. RICHARD M. PETERS, Chapel Hill, N. C.—I’d just like to ask Dr. Sabiston one 
question about this very nice presentation, and that is whether he really thinks the revasculari- 
zation is the important step, or whether the ligation of the anomalous coronary is really the 


effective therapy. 

DR. SABISTON (Closing).—In answer to Dr. Peters’ question concerning the value of 
the epicardial revascularization procedure, I regard it as being of secondary importance. 
Ligation of the anomalous coronary artery is the definitive part of the operation. 





DIAGNOSIS AND SURGICAL TREATMENT OF INTRACARDIAC 
MYXOMA AND RHABDOMYOMA 


Rodman E. Taber, M.D., and Conrad R. Lam, M.D., Detroit, Mich. 


pr To 1954 when Crafoord' reported the first successful removal of an 
intra-atrial myxoma with the use of extracorporeal circulation, primary 
cardiac tumors were regarded with little clinical interest. Two removals 
previously attempted by closed methods had been unsuceessful.?* With the 
development of safe and dependable open-heart surgery, it has become nec- 
essary to consider these lesions in the evaluation of the cardiae patient and to 
employ specific diagnostic procedures for identifying them when indicated. 
Removal of 19 atrial myxomas with 11 successes*-'* have previously been re- 
ported. Two patients with right atrial myxomas and one with a cardiac 
septal rhabdomyoma who have undergone successful surgical treatment are 
the subject of this report. 

Although constituting the most common type of primary intracardiae tumor, 
the atrial myxomas have produced widely varying clinical features which 
have made recognition difficult. Most of the previously recorded cases, as well 
as the 2 cases of myxoma in this report were thought to be other types of heart 
disease in the initial stages of their management. As a result, the diagnosis 
of primary intracardiac tumor has often been made by a process of elimination 
or a tumor has been encountered as an unsuspected operative finding during 
the course of a closed cardiae operation. In a review of 125 cardiae myxomas 
discovered at necropsy, Prichard'* found 75 per cent to arise in the left atrium. 
This apparent preponderance in the arterial side of the heart is confirmed by 
the frequeney of left-sided lesions (80 per cent). which have been removed 
surgically. The symptoms of both mitral stenosis‘ and insufficiency’? have 
been produced by these tumors, the type apparently depending upon the degree 
of prolapse of the tumor through the valve. An atrial tumor arising near the 
mitral orifice and overlying the opening may produce a stenotic effect, whereas 
a tumor arising in the same area which is pedunculated may prolapse into the 
ventricle resulting in stenosis or, by preventing apposition of the leaflets, lead 
to insufficiency. That a similar obstructive mechanism may prevail when the 
tumor arises in the right atrium is demonstrated by the 2 patients with myxomas 
to be described. In these patients, a stenotic effect on the tricuspid valve 
resulted, and, in addition, one of the patients exhibited a right-to-left shunt 
through an atrial septal defect. Characteristically, the myxomas are whitish, 
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lobulated tumors which arise from a pedicle in the region of the foramen ovale 
of the atrial septum. Hemorrhage, necrosis, and calcification have commonly 
been noted within the tumors which are composed of a loose myxomatous con- 
nective tissue stroma. Mucin stains, such as mucihematin, are positive. The 
evidence that they are true neoplasms rather than atypical thrombi is con- 
vineing.** 

Primary rhabdomyoma of the myocardium is a rare cardiac tumor which 
has heretofore only been reported as a necropsy finding. They are usually 
part of a generalized hamartomatosis involving the brain, skin, heart, kidneys, 
and occasionally other abdominal viscera. The cerebral component consists of 
localized glial proliferations (tuberous sclerosis) and the dermis develops 
nodular connective tissue overgrowth (adenoma sebaceum). The latter may 
not appear until late in the course of the disease which is prone to terminate 
with epilepsy and mental deterioration. Many patients do not live beyond the 
first year of life. The localized areas of tissue overgrowth are probably best 
categorized as hamartomas or developmental abnormalities’’ rather than neo- 
plasms. Cardiae rhabdomyomas are most commonly found as multiple small 
nodules frequently located within the ventricular myocardium,’ *® ** al- 
though oceasionally larger, solitary tumors have been found. The tumors are 
uneneapsulated and microscopically show ‘‘spider cells’? which stain for gly- 
cogen and occasionally exhibit the cross striations of cardiac muscle. Fibrosis 
and ealcification are frequently present. 

Von Recklinghausen is credited by Farber’ with the original description. 
The patient we are presenting exhibited the findings of right ventricular out- 
flow tract obstruction similar to infundibular pulmonie stenosis. Diagnosis 
and surgical treatment of this cardiac tumor have not previously been reported. 


CASE REPORTS 


Case 1.*—A 51-year-old housewife was admitted to Henry Ford Hospital on Jan. 23, 
1957, with the complaints of dyspnea and drenching night sweats of 3 months’ duration. 
A period of difficulty in controlling movements of the right side of the body had oceurred 
several months and again 3 weeks preceding admission. Positive findings were confined to 
the heart and consisted of a rough systolic murmur over the xyphoid process. The blood 
pressure was 110/70 mm. Hg and routine laboratory examinations were normal. The 
venous pressure and the arm-to-tongue circulation time was normal. The liver edge was 
palpable below the right costal margin. Another examiner heard an apical systolic murmur. 
At a subsequent examination a presystolic rumble was audible at the apex, accompanied 
by a gallop rhythm. A fourth consultant noted distended neck veins at the time of his 
examination and was unable to detect a murmur. Cyanosis was noted on several occasions. 
The electrocardiogram demonstrated a changing pattern which initially showed a nodal rhythm 
with low voltage complexes. The T waves subsequently became inverted, suggesting acute myo- 
carditis and anteroseptal damage. On four later occasions, electrocardiographic tracings 
were interpreted as normal. Chest roentgenograms and fluoroscopy demonstrated no signif- 
icant abnormalities. The brachial arterial oxygen saturation, which was 76 per cent while 
breathing air, rose to 89 per cent on breathing 100 per cent oxygen. 


*This patient has previously been reported by Coates and Drake.¥® 
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Because of a history of increased dyspnea occasioned by lying on the left side, 
brachial arterial oxygen samples were drawn with the patient in the left and right lateral 
decubitus positions. While breathing room air, the sample drawn in the left lateral position was 
55 per cent saturated and that drawn in the right lateral position was 69 per cent saturated. 
Right-sided cardiac catheterization revealed essentially normal pressures at that time and the 
catheter passed through the atrial septum into the left atrium. A blood sample from the 
latter location was 89 per cent saturated. Dyspnea, neck vein distension, and cyanosis pro- 
gressively increased during the next few days. The tentative diagnosis at this point was 
Ebstein’s malformation of the tricuspid valve. Angiocardiography was performed which 
demonstrated an enlarged right atrium containing a lobulated mass which extended through 
the tricuspid valve into the right ventricle (Fig. 1). 


Fig. 1.—Case 1. Angiocardiogram with right ventricular injection. The lobulated filling defect 
in the right atrium and right ventricle is produced by a myxoma, 

Operation—Right atriotomy was carried out on April 25, 1957, using total cardio- 
pulmonary bypass for a period of 30 min. with the DeWall-Lillehei bubble oxygenator. 
The perfusion rate was 76 c.c. per kilogram per minute through the left subclavian artery. 
A transverse thoracotomy in the third intercostal space was utilized. During the venous 
cannulations which were done through the atrium alongside the tumor, cardiac action 
deteriorated which necessitated rapid completion and institution of perfusion assistance. 
The heart was stopped with acetylcholine and right atriotomy performed. The tumor, 
which protruded into the left atrium through a septum secundum defect and through the 
tricuspid valve into the right ventricle, was removed along with the site of attachment to 
the rim of the atrial defect (Fig. 2). The atrial septum with the resulting defect from 
excision of the pedicle was closed with two rows of 2-0 silk sutures. Cardiac contractions 
promptly resumed after removal of the aortic clamp and decannulation followed. Marked 
postoperative improvement was soon noted with clearing of the signs of venous hypertension 
and return of the arterial oxygen saturation to normal (96 per cent). The patient was 
discharged on June 16, 1957, and has remained well. 


Pathologic Findings.—The tumor was lobulated, glistening white, and, microscopically 
exhibited the loose myxomatous stroma of a cardiac myxoma (Fig. 3), 
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CASE 2.—A 54-year-old housewife was first admitted to Henry Ford Hospital June 1, 
1959, complaining of frequent headaches and episodes of palpitation of 6 years’ duration. 
Increasing shortness of breath on exertion had been noted during the preceding 9 months 
and this was accompanied by flushing and excessive perspiration. Periorbital and lower ex- 
tremity edema were more recent developments. Significant physical findings consisted of a 
generalized, brown skin pigmentation, fullness of the neck and antethoracie veins, and peri- 
orbital edema. The liver was moderately enlarged but did not pulsate. Heart sounds were 
deseribed as being of tic-tac quality and accompanied by an apical systolic murmur. <A 
mid-diastolic murmur was also heard along the left lower sternal border. Different mur- 
murs were subsequently noted by other examiners. Blood pressure was 120/80 mm. Hg. 


Fig. 2—a, Case 1. Myxoma arising from the right side of an auricular septal defect 
and projecting into the left atrium and right ventricle. Right heart pressures are not 
elevated but a right-to-left shunt was demonstrated. 

b, Case 2. Right atrial myxoma arising from septum and prolapsing into right ven- 
tricle. Elevated right atrial and ventricular pressures are present. 

ce, Case 3. Ventricular septal rhabdomyoma producing subvalvular pulmonary stenosis. 
Right ventricular hypertension is present. Mild elevation of the pulmonary artery and wedge 
pressures was thought to be produced by extension of the rhabdomyoma into the mitral 
valve area. 


Fig. 3.—a, Right atrial myxoma from Case 1 which shows pedicle of origin (1) and 
en produced by tricuspid valve (2). 0b, Microscopic appearance of loose myxomatous 
stroma. 
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Routine laboratory examinations were normal. Chest roentgenograms and fluoroscopy failed 
to show significant abnormalities (Fig. 4). A carcinoid syndrome was suspected because of 
the flushing and perspiration but was not substantiated by laboratory tests. Peaked T waves 
and right atrial hypertrophy were noted in the electrocardiogram. Peripheral venous pres- 
sure was 260 mm. saline and the arm-to-tongue circulation time was 22 seconds. Right 
cardiac catheterization demonstrated normal oxygen determinations. The pressures were 
found elevated proximal to the pulmonary valve with a right atrial pressure of 20/5 mm. Hg 
and a superior vena caval mean pressure of 21 mm. Hg. The right ventricular systolic 
pressures varied between 27 and 45 mm. Hg. Obstruction of the tricuspid valve was in- 
dicated by an end diastolic gradient of 15 mm. Hg across the valve. The tentative diagnosis 
was either tricuspid stenosis or a right atrial tumor. Angiocardiography was advised at 
this point but the development of multiple venous thromboses in the upper extremities and 
neck discouraged further venous cannulations. Impaired liver function was indicated by 
a Bromsulphalein retention of 45 per cent in 15 minutes. The administration of digitalis 
and diuretics did not lower the venous pressure or subjectively improve the patient. The 
patient’s clinical course rapidly deteriorated and was punctuated by episodes of syncope 
during which the peripheral pulse disappeared. 


Fig. 4.—Case 2. Preoperative (a) and 1 month postoperative (b) chest roentgeno- 
grams of patient with right atrial myxoma producing obstruction at the tricuspid valve. 
Specific chamber enlargement is not identified. 


Operation.—Operation was carried out on July 21, 1959, using cardiopulmonary bypass 
of 27 minutes’ duration with a bubble oxygenator. A bilateral transverse thoracotomy in 
the third intercostal space was used. An arterial perfusion rate of 75 ¢.c. per kilogram 
per minute was introduced through a femoral cannula. Vena caval cannulations were made 
through the atrial appendage beside a large intra-atrial mass. The heart was allowed to 
beat during atriotomy. A portion of the tumor had prolapsed into the right ventricle 
forming a cast of this chamber (Fig. 2). Manual compression of the ventricle delivered 
the tumor through the tricuspid valve and into the right atrium from which it was excised 
along with the area of attachment to the inferior portion of the atrial septum and adjacent 
inferior vena cava (1.5 by 2 em.). The septum was repaired, atriotomy closed, and prota- 
mine administered prior to decannulation. The facial and lower extremity edema rapidly 
subsided and the patient was discharged on Aug. 26, 1959. When last seen 6 months post- 
operatively, she was completely free of symptoms and leading a normal life. 
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Pathologic Findings.—The tumor was friable, lobulated, glistening white, and measured 

10 by 8 by 4 em. (Fig. 5). The microscopic appearance was similar to that found in 

Case 1. The site of origin from the atrium and vena cava showed superficial attachment 
with no invasion of the underlying myocardium. 


CasE 3.—A 7-year-old boy was admitted to Henry Ford Hospital Oct. 14, 1958, with 
a history of shortness of breath on exertion. The parents stated that a cardiac murmur had 
been known to be present since birth. Two unsuccessful attempts to perform cardiac cathe- 
terization had previously been made in another city. The child was on a high protein diet 
because of spontaneous hypoglycemia which had been manifested by occasional loss of con- 
sciousness which had required intravenous administration of glucose. Examination re- 
vealed a well-developed boy with a mild pectus excavatum. There was a thrill and systolic 


Fig. 5.—Case 2. a, Excised right atrial myxoma which had prolapsed into and formed 
a cast of the right ventricular chamber. Pedicle demonstrated at 1. 0b, Loose myxomatous 
stroma which stains for mucin. 


murmur over the pulmonary artery area. Chest roentgenograms and fluoroscopy demon- 
strated mild cardiomegaly due to right ventricular enlargement (Fig. 6). The electro- 
eardiogram was interpreted as showing counterclockwise rotation and a bizarre conduction 
disturbance (Fig. 7). Cardiae catheterization was performed through the right saphenous 
vein on July 15, 1958, by Dr. Edward Green of the Pediatrie Cardiology Division. The 
blood oxygen determinations were normal; however, pressure measurements revealed right 
ventricular hypertension. During the withdrawal of the catheter from the pulmonary artery 
where the pressure was 30/20 mm. Hg, the pressure rose to 60/0 mm. Hg high in the right 
ventricular outflow tract and 80/0 mm. Hg in the low right ventricle (Figs. 2 and 8). 
The corresponding mean pressures in millimeters of mercury were 20. in the pulmonary 
artery, 22 high in the outflow tract, and 30 in the low right ventricle. The wedge pressure 
was 22/12 mm. Hg. The catheter was noted to deviate markedly in the region of the ven- 
tricular septum prior to entering the pulmonary artery. These data were interpreted as 
demonstrating moderate right ventricular outflow tract obstruction and some evidence of 
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obstruction at the mitral valve. Angiocardiography and cinecardiography with right ven- 
tricular injection confirmed the presence of a mass partially obstructing the subvalvular 
pulmonary area (Fig. 9). A rhabdomyoma of the ventricular septum was postulated by 
Dr. E. Green. 

Operation.—On Oct. 14, 1958, cardiopulmonary bypass for a period of 67 minutes 
was carried out with a bubble oxygenator for resection of the intracardiac tumor. A 
bilateral, transverse, third interspace incision was used with subclavian artery cannulation. 


Fig. 6.—Case 3. Preoperative (a) and 6 weeks postoperative (b) chest roentgeno- 
grams of patient with ventricular septal rhabdomyoma which produced subvalvular_ pul- 
monic stenosis. 
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Fig. 7—Case 3. Preoperative electrocardiogram of patient with cardiac rhabdomyoma 
which shows normal sinus rhythm. Bizarre ventricular activation is present and probably 
is due to abnormal intraventricular conduction. 


The perfusion rate was 90 ¢.c, per kilogram per minute. After opening the pericardium, 
the anterior surface of the heart overlying the ventricular septum was noted to contain a 
bulging, whitish, firm, noncontractile area which measured 3 by 2 em. There was a thrill 
beneath this area which was transmitted into the pulmonary artery. A mass, occupying the 
septal region, could be vaguely outlined. The heart was stopped with acetylcholine and 
right ventriculotomy performed. The pulmonary valve was normal; however, the outflow 
tract was partially obstructed by a mass which arose in the ventricular septum (Fig. 10). 
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Generous portions of the projecting muscle-like mass were then excised much as might be 
done with infundibular stenosis. The resection was carried to a depth at which an aspirating 
needle obtained bright red left ventricular blood after passing a few millimeters farther 
into the mass. Frozen section examination was said to show muscle. Cardiac action was 
restored by removing the aortic clamp and the ventriculotomy was repaired. The tumor 
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Fig. 8.—Case 3. Pull-through of pulmonary valve and right ventricle during right 
heart catheterization of patient with ventricular septal rhabdomyoma. An infundibular 
area of transition between pulmonary artery and right ventricle is demonstrated as well 
as right ventricular hypertension. 


Fig. 9.—Case 3. Angiocardiogram in left, posterior oblique projection with right 
atrial injection. The septal region of the right ventricular outflow tract is deformed by 
an irregular filling defect due to the rhabdomyoma, 


was not discrete and portions of it could be palpated extending into the atrial septum between 
the two auriculoventricular valves. Inasmuch as the preoperative studies had demonstrated 
relatively minor malfunction in the mitral valve region, nothing further was done and de- 
cannulation followed. Recovery was complicated by a left chylothorax of 6 days’ duration 
which was treated by tube drainage. Thoracic duct injury apparently resulted from dis- 
section about the left subclavian artery which was used for arterial inflow. 





Vol. 40, No. 3 INTRACARDIAC MYXOMA AND RHABDOMYOMA 345 
September, 1960 

Pathologic Examination—Examination of the resected tissue revealed hyaline fibrosis 
and calcification within a rhabdomyoma (Fig. 11). Foam cells showing a positive stain for 
glycogen were not well demonstrated. Some relatively normal appearing cardiac muscle was 
visible. Because of the frequent association of cardiac rhabdomyoma and tuberous sclerosis, 
investigations were then undertaken to determine the presence of the latter condition. 


Fig. 10—Case 3. Right ventriculotomy during cardiopulmonary bypass_in patient 
with ventricular rhabdomyoma. Patient’s head is above top of photograph. The bulging 
ventricular septal mass prior to excision is indicated by arrow. 


Fig. 11—Case 3. Normal cardiac muscle (a) for comparison with the rhabdomyoma (b). 
Hyaline fibrosis and calcification are present within the rhabdomyoma. 


There was mild mental retardation with an I. Q. of 73. The electroencephalogram sug- 
gested left cerebral hemisphere dysfunction. Funduscopic examination revealed a suggestion 
of the ‘‘soapy spots’’ seen in tuberous sclerosis. The skin nodules of adenoma sebaceum 
were not present. The child was discharged Nov. 16, 1958. When last seen on April 3, 1960, 
he had gained weight and was said by the parents to be free of dyspnea on exertion. 
Periodic runs of premature beats were noted and, for this, daily quinidine was administered. 
The murmur over the pulmonary artery was faintly audible and no mitral murmur could 
be heard. 
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DIAGNOSTIC CONSIDERATIONS 


Primary intracardiac tumors may be diagnosed with certainty by angio- 
cardiography, therefore consideration of the possibility becomes the most im- 
portant aspect of diagnosis when evaluating a cardiac patient. Since es- 
sentially all myxomas arise from the auricular septum, these tumors can be 
expected to produce disturbance of cardiae function primarily at the atrio- 
ventricular valves. 

Left Atrial Myxoma.—Three quarters of the reported myxomas arose in 
this location and produced obstruction of the mitral valve or oceasionally in- 
sufficiency. As further evidence of the similarity to rheumatic mitral stenosis, 
9 of 14 patients operated upon with tumors in the left atrium had the lesion 
first demonstrated at the time of exploration for an intended closed mitral 
commissurotomy. Retrospectively, certain aspects of these cases suggest atypical 
or unusual features. The absence of a rheumatic fever history may be of 
some help, however, a significant number of patients with bona fide rheumatic 
mitral stenosis do not recall this event. A hint may also be gained from the 
ascultatory findings if the location, intensity, or character of the murmur are 
noted to change. While disappearance of the murmur in certain positions may 
be helpful, the opposite finding, accentuation of the murmur, would not be of 
assistance in the ease of diastolic murmur as this tco is a characteristic of 
rheumatic mitral valve disease. The opening snap and accentuated first heart 
sound of mitral stenosis have been recorded with the phonocardiogram in a 
ease of left atrial tumor.’® Mitral insufficiency findings are apparently much 
less common than those of stenosis; however, one recorded case of left atrial 
tumor was first diagnosed at the time of open-heart surgery for repair of 
mitral insufficiency.’ 

The clinical course and response to treatment have been a somewhat 
more reliable indication that the patient with mitral valve findings may 
have something other than a scarred rheumatic valve. <A history of arterial 
embolization in the absence of significant cardiac findings may suggest left 
atrial tumor. Four of the 14 patients previously operated upon with tumors 
in this location had such a history. Paradoxical arterial embolization occurred 
through an atrial septal defect in our Cese 1. Movement of the tumor, pre- 
sumably produced by change in body position, may account for the observation 
that these patients often prefer to lie in certain positions or note aggravation 
of symptoms in other positions. This characteristic is frequently mentioned 
in the cases previously reported of left atrial tumor and should arouse curiosity 
when noted. Another characteristic which has been commonly recorded is 
that of poor or no response to adequate therapy for congestive heart failure. 
Chest roentgenograms and fluoroscopy have been of minor assistance in estab- 
lishing the diagnosis, except in the case of unusual patterns of atrial calcification. 
Mild left atrial and right ventricular enlargement have been reported. Al- 
though right- or left-sided cardiac catheterization can be expected to reveal 
findings which support a diagnosis of mitral valve disease, a positive diagnosis 
can only result when the decision is made to employ radiopaque media. 
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Right Atrial Myoxoma.—The most frequent hemodynamic change pro- 
duced by tumors in this location has been obstruction at the tricuspid valve. 
Although rheumatic tricuspid stenosis occurs rarely as an isolated lesion, 
these neoplasms are more likely to be confused with intractable congestive 
failure due to arteriosclerotic heart disease, constrictive pericarditis, or Ebstein’s 
malformation of the tricuspid valve. Case 2 illustrated the findings of tricuspid 
stenosis as manifested by high peripheral venous pressure with periorbital 
and ankle edema, and hepatomegaly. Excessive sweating and flushing were 
noted by both of our patients. Changing murmurs which occasionally dis- 
appeared were also recorded in both instances. Positional aggravation of 
symptoms was noted in Case 1 and confirmed by the finding of greater de- 
saturation of the arterial blood when a specimen was collected in the lateral 
position as compared to one drawn in the supine position. The right-to-left 
shunt in this instance occurred through an atrial septal defect. Radiographic 
examination demonstrated some enlargement of the right atrium in both cases 
and the electrocardiogram indicated right atrial hypertrophy. A changing 
electrocardiogram may be seen as demonstrated by one of our patients. Calei- 
fication was not visible in either of our patients. At this point, right-sided 
cardiac catheterization should be considered and a suspicion of tricuspid valve 
obstruction will be confirmed by finding high right atrial and normal, or near 
normal, right ventricular pressures. Although Case 1 did not show an elevated 
right atrial pressure at the time of catheterization, increased peripheral venous 
pressure was noted clinically on other occasions. Changing right ventricular 
pressures with systolic variations of as much as 20 mm. Hg were noted during 
catheterization of both patients. This finding was attributed in hindsight to the 
changing position of the portion of the tumor which had prolapsed through the 
tricuspid valve. The absence of a pressure change during a pull-through of the 
tricuspid area in Case 1 suggested Ebstein’s malformation of this valve. Angio- 
cardiography was employed at this juncture in the management of Case 1 and 
dispelled the confusion which had existed up to this point. A large lobulated 
filling defect of the right atrial chamber was clearly outlined. 


Rhabdomyoma.—Several types of primary cardiac tumors of muscle origin 
have been found at autopsy. Primary sarcoma and rhabdomyosarcoma have 
usually occurred as diffusely infiltrating neoplasms which produced death by 
pericardial tamponade or cardiac rupture.’® 2° These tumors exhibit metastasis 
to mediastinal lymph nodes and abdominal viscera. Primary rhabdomyoma of 
the myocardium, however, is generally considered to be a developmental ab- 
normality or hamartoma and has not been reported as a precursor of the malig- 
nant sarecomatous lesions. In a series of 49 necropsies on patients with primary 
cardiac rhabdomyomas, 8 were large solitary ventricular tumors and the re- 
mainder presented as multiple, small tumors throughout the ventricular and 
auricular myoecardium.'* The multiple small tumors were incidental findings 
in infants who died from noneardiae causes as contrasted to the larger solitary 
tumors which were discovered in patients dying with cardiac symptoms. We 
have recently seen in an 8-month-old infant a mitral valve obstruction which 
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was found at necropsy to be produced by pedunculated rhabdomyoma of the 
left atrium. Small intramural tumors were also present within the ventricular 
myocardium. Twenty-four of the 28 cases in the previously mentioned series 
of 49 autopsies, in which intracranial examination was done, exhibited tuberous 
sclerosis. 

The diagnosis of rhabdomyoma in our patients was based on the angio- 
eardiographie findings. The obstruction was seen to be produced by a mass 
projecting from the interventricular septum and the configuration could be 
differentiated from the more nearly concentric type of narrowing seen in in- 
fundibular stenosis. The catheterization pressure measurements indicated 
obstruction of the right ventricular outflow tract below the pulmonary valve. 
An ‘‘infundibular type’’ pull-through tracing was obtained. Mild right ven- 
tricular enlargement was noted on the chest roentgenograms. The electro- 
eardiogram exhibited bizarre conduction disturbances indicating disease of the 
septal area. A search for the lesions which frequently accompany rhabdomyoma 
of the heart was partially rewarding in that highly suggestive evidence of 
tuberous sclerosis was found although adenoma sebaceum was not present. 


SURGICAL CONSIDERATIONS 


Atrial Myxoma.—Six of the 11 patients having had previously successful re- 
sections were operated upon with the use of extracorporeal circulation and 5 with 
hypothermia. If a myxoma is found at the time of exploration for a planned 
conventional mitral commissurotomy, as was the ease in the majority of left 
atrial tumors, a decision must be made whether to proceed with removal under 
hypothermia induced at that time or to excise the tumor at a subsequent 
operation with the aid of a pump-oxygenator. The patient’s condition per- 
mitting, our choice would be to use extracorporeal circulation. This method 
comfortably permitted the 30 minutes of intra-auricular operating time re- 
quired by each of the 2 reported cases. In both instances more operating time 
within the heart was necessary than the brief period required to remove the 
tumor. In Case 1, repair of the atrial septum and, in Case 2, repair of the 
septum and adjacent inferior vena cava were necessary after excision of the 
attachment sites. Excellent operative exposure in both cases resulted from 
the use of a bilateral transverse thoracotomy in the third intercostal space. 
The supine position is to be recommended as it avoids turning the patient 
which has produced fatal valve occlusion on the operating table in at least one 
instanee.2_ Cannulation has been readily performed by inserting the catheters 
through the auricular appendage and passing them alongside the tumor and into 
the venae cavae. Since nearly all myxomas arise from the vicinity of the 
foramen ovale, the site of the origin can be sought for in this area and a button 
of atrial septal wall excised with the tumor. Pathologic examination of this 
site has shown a superficial attachment without invasion of underlying myo- 
eardium. Precautions to avoid air embolism during cardiotomy consisted of 
rotating the operating table so as to place the atrial opening uppermost and 
filling the chambers with blood or saline before closure. The ascending aorta 
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was cross-clamped and the heart stopped in Case 1 to produce a dry heart and 
for prevention of systemic tumor embolization. One reported patient has died 
as a result of extensive arterial tumor embolization.** 

Rhabdomyoma.—Cannulation and perfusion for resection of the obstruct- 
ing rhabdomyoma tissue in Case 3 did not require special considerations. Ade- 
quate decompression of the outflow tract resulted from excision of abnormal 
tissue so that a “patch” in this area was not necessary. If the popular patho- 
logic concept of this lesion holds, namely that the tumor is a developmental 
abnormality or hamartoma, surgical treatment probably need only consist of 
excision of obstructing tissue rather than resection of the entire tumor. The 
latter would not have been consistent with survival in our patient because of 
the extent and location of the tumor. There is evidence to indicate that a 
rhabdomyoma may undergo involution, as represented by the findings of fibrosis 
and calcification in some of the necropsy cases?* as well as in our patient. 
The over-all result in our patient may more likely be dependent upon the pro- 
regression of the tuberous sclerosis which is believed to be present, rather than 
the cardiac aspects of the ease. 


SUMMARY 


1. Primary cardiae tumors were considered a pathologie curiosity until the 
development of open-heart surgical techniques. The most frequently encoun- 
tered tumor is the myxoma which arises in approximately three fourths of the 
eases from the left side of the atrial septum. Symptoms and findings of mitral 
stenosis or insufficiency may be produced by a left-sided tumor and closely 
resemble those of rheumatic valvular disease. Changing murmurs, positional 
aggravation of symptoms, refractory heart failure, and history of arterial em- 
bolization in the presence of minor cardiac findings are clinical features which 
may assist in the differentiation. Chest roentgenograms, the electrocardiogram, 
and eardiae catheterization support a diagnosis of disease at the mitral valve 
but positive identification depends upon angiocardiography. 

2. Right-sided atrial myxoma is most likely to be confused with lesions 
producing a high right atrial pressure, such as rheumatic tricuspid stenosis, 
intractable arteriosclerotic heart failure, constrictive pericarditis, or Ebstein’s 
malformation of the tricuspid valve: Here again, positive diagnosis depends 
upon use of angiocardiography. Two patients are presented who had suecess- 
ful removal of right atrial myxomas using cardiopulmonary bypass. One pa- 
tient demonstrated a right-to-left shunt preoperatively which was most pro- 
nounced in the left lateral position. Shunting occurred through an interatrial 
septal defect. Approximately 30 minutes of extracorporeal perfusion were re- 
quired in both eases to remove the tumor, excise the site of septal attachment, 
and repair the resulting defect. The myxoma characteristically has a super- 
ficial attachment without invasion of the underlying myocardium and most 
likely is a neoplasm rather than a thrombus. 
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3. Primary rhabdomyoma of the heart has heretofore been described as a 
rare incidental necropsy finding in infants. The tumors are unencapsulated 
and may be multiple or solitary. They have been found in association with 
tuberous sclerosis, adenoma sebaceum, and visceral hamartomas and are re- 
garded as a developmental abnormality rather than a true neoplasm. A case is 
reported in which a ventricular septal rhabdomyoma produced outflow tract 
obstruction in the right ventricle. The obstructing portion of the tumor was 
successfully excised during cardiopulmonary bypass. The patient, a child 7 
years of age, exhibited some of the signs of tuberous sclerosis. Preoperative 
diagnosis and surgical treatment of primary cardiac rhabdomyoma have not 
previously been reported. 


ADDENDUM 


Since submission of this manuscript, a report of four additional excisions of myxomas 
with three successes has been brought to our attention. Two of these tumors arose in the 
left atrium and one in the right atrium. (Cooley, D. A., Morris, G. C., and Safuh, <A.: 
Cardiac Myxoma. Surgical Treatment in Four Cases, A. M. A. Arch. Surg. 78: 410, 1959.) 
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DIscussION 


DR. DWIGHT E. HARKEN, Boston, Mass.—I should like to make four comments based 
on this interesting discussion of Dr. Taber and Dr. Lam. 

The first point is statistical and prompted by experience with our seven intracardiac 
tumors. Three patients were encountered before open surgery was available. All are dead. 
Four were encountered with open surgery available, and all are alive, presumably cured. 
Statistics about cardiac tumors are difficult to remember but by putting handles on them it may 
help you as it helps me. At autopsy, in generalized carcinomatosis, there is a 2 per cent 
cardiac involvement. This is often extracardiac. Of so-called intracardiac tumors, 75 per 
cent prove to be thrombi. Seventy-five per cent of true intracardiac neoplasms are myxomata. 
Seventy-five per cent of myxomata are in the left auricle. 

This leads me to the second point; namely, if we have a lesion commonly located in the 
left auricle, and most of our reported clinical cases are on the right side, we are obviously 
missing most of them. The dominant location of these tumors found in the autopsy room, 
versus the clinical experience, makes this clear, so our index of suspicion and diagnosis must 
be higher. 

This stimulus to suspicion may stem from intermittent symptoms, postural symptoms, 
intermittent murmurs, persistent low grade fever, or multiple emboli. Of course emboli that on 
removal show myxoma constitute the absolute diagnosis. Angiocardiography may also be very 
helpful when one is suspicious. 

Furthermore, if our colleagues in the catheter laboratories are alert to the possibility of 
tumor, particularly now that they are using transseptal catheterization techniques, we will 
suspect more of these tumors, At catheterization, as the septal needle is passed, no auricular 
tracings can be obtained. This makes one think of tumor. In fact, two of ours have been so 
suspected recently. 

The third point I want to make is technical. Most of these tumors are in the left auricle 
and they arise from the fibrous septum. We know where they are and how to get at them. 
The simple way is through a right thoracotomy and the right auricle. The septum is incised 
and the pedicle visualized. It can then be picked up very much as one picks up the stem of 
a bunch of grapes. . 

By excision of the base of the stem, in fact the pedicle, we can lift out the tumor much 
more simply than if we go in through the left side. We must remember that we are going for 
game; that this operation is for cure. Therefore this invasive tumor can be cured only by 
wide excision of the base and then repair of the septal defect that we have created. 

The fourth point concerns policy. If we discover a tumor in the course of exploration 
for mitral stenosis, we should withdraw for a later open-surgical extirpation. In closing the 
left auricle after the exploration, great care must be exercised to avoid reducing the size of 
the chamber of the auricle. Even tying off the base of the appendage may compromise the 
size of the auricle enough to cause prolapse of the tumor into the mitral orifice. 


Finally, familiarity breeds success, and Dr. Lam and Dr. Taber have increased our 
familiarity with tumors of the heart. 


DR. BENSON B. ROE, San Francisco, Calif—Dr. Taber is to be congratulated for a 
valuable contribution to this interesting subject which has now grown in importance and in 
experience. I imagine the combined experience in this room would now probably amount to 
well over 100 cases, since we are more familiar with open-heart techniques. 
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I would agree that the use of the pump-oxygenator under direct vision is the route of 
choice for dealing with these lesions, but it does not always provide all the answers, and it is 
not always immediately available in acute situations, Two of our patients in recent experience 
illustrate these points quite dramatically. 

(Slide) This tumor was discovered in a middle-aged woman during exploration for 
supposed mitral stenosis, and, as you can see from the size of the lesion, it was too large to 
remove through the atrial appendage. It was my intention to withdraw and reapproach this 
patient under direct vision, but the general exploration caused it to become dislodged and free- 
floating in the auricle. Therefore, every time the finger was withdrawn, total occlusion oc- 
curred. We were faced with the proposition of letting her die from the occlusion or of ex- 
sanguinating in the attempt to remove it. 

We chose the latter course, and the patient developed ventricular fibrillation, This is 
what saved her, because the exsanguination was not complete; the arrested circulation permitted 
us to close the atrial tear, to institute cardiac massage, to replace the blood loss, and to de- 
fibrillate the heart. The patient went home in 8 days after an uneventful recovery. (Laughter. ) 

The second patient was a small child with an iliac embolus from a tumor, and the 
diagnosis was made histologically from the extracted embolus. Armed with our experience in 
the first case, we approached the lesion under direct vision, having deliberately induced 
ventricular fibrillation before opening the left atrium. We were delighted to have done so, 
because we encountered a large tumor which occupied nearly the entire atrial cavity and which 
had the consistency and friability of jellied consomme. Thus, we would have induced further 
and probably fatal emboli, had the heart not been inactive. 

The purpose of my discussion is to suggest the necessity of having available, in the 
operating room, methods of inducing ventricular fibrillation in unpredictable circumstances, 
such as the encountering of clots or tumors which may embolize. 


DR. EARLE B. MAHONEY, Rochester, N. Y.—I rise not to present our 2 cases but to 
show you, if the projection will work satisfactorily, the angiocardiogram on 1 of the cases. 
This patient had a right atrial myxoma, which presented as tricuspid stenosis, and we think 
that seeing this pedunculated tumor during angiocardiography presents a vivid picture of the 
pathophysiology. 

(A moving picture was shown.) 

I think you can see in this particular patient that the tumor is prolapsing through the 
tricuspid valve and extending up into the outflow tract of the right ventricle. This was a 
very large tumor, which was primarily in the ventricle, extending down into it by way of its 
pedicle, as was shown by Dr. Taber. 

The second was attached by a very short pedicle to the region of the foramen ovale, and 
this one is swinging just like a pendulum, first through the atrium, through the tricuspid valve, 
and into the ventricle, back and forth with each cardiac cycle. 


DR. EGBERT H. FELL, Chicago, Ill.—Dr. Lam said some time ago when he asked me to 
discuss this paper that he hoped it would flush out the experiences that the members of this 
Society have had with intracardiac tumors, I believe he and his associates are accomplishing 
their objective. 

I had the privilege in July, 1954, of seeing Professor Crafoord’s patient from whom, I 
believe, the first successful intracardiac tumor was removed from the left atrium. He and 
Dr. Senning are to be commended for this achievement. 

We have had 2 patients with intracardiac tumors and they have taught us two important 
facts: (1) If one explores and finds an intracardiac tumor, it should be removed as soon as 
possible with the aid of extracorporeal circulation. 2. Tumors in the left atrium are satisfac- 
torily and, we believe, more easily removed through the right atrium. : 

This slide shows a large pedunculated tumor, much like the one shown by Dr. Mahoney, 
but it contained considerable calcium; thus, an angiocardiogram was not necessary. The 
fluoroscopic examination revealed the tumor moving with the blood flow, and it appeared to 
be attached to the lateral wall of the right atrium, This was before the days of the pump- 
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oxygenator and we attempted to remove it with the aid of hypothermia. We did not because 
the heart went into ventricular fibrillation, resulting in great difficulty in restoring normal 
function. 

Six months later when we attempted again to remove the tumor we found soft granula- 
tion tissue had covered the previously smooth surface. Exploration and manipulation of the 
tumor caused the soft granulations to break off, resulting in multiple pulmonary emboli and 
death. The next two slides show the gross appearance of the tumor with its granulations and 
the photomicrograph that is diagnostic of a rhabdomyoma. Some pathologists believe that this 
tumor is caused by a glycogen storage disease. 

This slide shows a pedunculated myxofibroma much like the one discussed by Dr. Taber 
and Dr. Lam. It was removed a year ago and we first found it at exploration of the left 
atrium, believing the patient had mitral stenosis. As I was putting my finger in the left 
atrium my intern asked, “Have you ever felt a ball-valve tumor?” I replied, “I’m feeling 
one now.” Two weeks later the tumor was successfully removed through the right atrium. The 
atrial septum, at the level of the foramen ovale, the site at which the tumor was attached, was 
excised, this large tumor was delivered, and the septum was then repaired. This microscopic 
slide revealed this tumor to be a myxofibroma. 

We believe, with the aid of the heart-lung machine, tumors in either atrium are best 
and more safely removed from the right side. 


DR. CLARENCE CRAFOORD, Stockholm, Sweden.—My thanks to you, our President, 
for calling on me, and to Dr. Taber for mentioning my name in connection with this matter. 

I just want to raise one point in connection with Dr. Harken’s discussion. I think it is 
not wise—I would warn—for the transseptal or direct puncture and catheterization of the 
left auricle, because these tumors are very friable, and catheterization of the left atrium might 
give rise directly to embolization. 

I think, if it is necessary for a diagnosis to make an angiocardiogram that it is best 
made selectively from the pulmonary artery, as we did in our case. 


Dr. JOHN Y. TEMPLETON, III, Philadelphia, Pa.—I wish to present another case of a 
right atrial lesion which we thought was somewhat unusual. It occurred in a 37-year-old woman 
who had had a hysterectomy for a fibroid tumor several months before, at which time her 
heart was quite normal, Subsequently she developed episodes of syncope and very bizarre 
changing heart murmurs. This led the clinicians to suspect an intracardiac tumor, and this 
is shown in the right atrium on the first slide. 

(Slide) I think the filling defect which one sees here lying in the right atrium is quite 
evident. 

Further investigation disclosed that she had a severe thrombocytopenia, and efforts were 
made to improve this with corticoids, ete. During this period of therapy she developed a left 
lower lobe infarction. She failed to respond from the standpoint of her thrombocytopenia, and 
splenectomy was done. Her infarction cleared to some extent, and the sputum diminished, 

She was operated upon with the purpose of removing this right atrial myxoma. We found 
that there was the knob-like projection that one sees on the angiocardiogram, but this arose 
from a solid mass extending upward from the vena cava. We found a lesion in the aorta 
which looked quite similar to that which Dr. Longmire has described. 

(Slide) This mass was divided below the renal veins and the distal portion removed by 
virtue of a great deal of traction. One can see that this portion is intact on this side. On 
this side, however (indicating), it is obvious that fragments of clot have been left behind. 

Having removed the lower part, we then returned to the atrium and easily removed the 
part that was there. The mass appeared intact except for this distal portion which I showed 
earlier. 

This slide demonstrates the extent of the lesion. One observes this knob-like projection 
lying up in the atrium, and the extension well down below the inguinal ligament on one side, 
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Unfortunately, although the patient’s immediate postoperative condition was quite satis- 
factory, she died in right ventricular failure. Autopsy examination disclosed a great deal more 
of this process which involved the pulmonary arterial system on both sides, It was to this 
further extension, more than we have shown here, that her death was attributed. 

The pathologists have diagnosed this as an organized thrombus, and it is probable that 
this is where her platelets went. 


DR. TABER (Closing).—To confuse the issue even further, here is a slide showing a 
pedunculated rhabdomyoma which, prior to seeing Dr. Fell’s case, I didn’t realize could be 
quite so polypoid, This was one in an 8-week-old child who died following catheterization. 

I would like to thank Drs, Harken, Roe, and Mahoney for their eloquent emphasis of 
the points involved in these problems. Probably the biggest problem confronting the surgeon 
is the decision which he has to make when confronted by this tumor at the time of mitral 
commissurotomy. Three fourths of them have been diagnosed in this manner. 

We would like to use an open operation, if possible. If a tragedy happens, such as the 
breaking off of this tumor, as Dr. Roe demonstrated, obviously the thing is going to have to 
be removed at that time. 

The other point that I might mention is in regard to diagnosis—it seems to me this is the 
area in which we need to improve our management of cardiac tumors. The surgical techniques 
are available, if we can just diagnose them properly. 

Angiocardiography should certainly show lesions on either side. Certainly, if suspected, 
it is something that can be picked up in this manner. I think it is similar to the situation that 
exists with other uncommon cardiae lesions—for instance, constrictive pericarditis—which is 
usually called something else before the surgeon sees the patient; and therefore, we have to be 
cognizant of this lesion in evaluating this kind of patient. 





VASOMOTOR REGULATION DURING EXTRACORPOREAL 
CIRCULATION AND OPEN-HEART SURGERY 


Paul W. Sanger, M.D., Francis Robicsek, M.D. (by invitation), 
Frederick H. Taylor, M.D., Terry T. Rees, M.D. (by invitation ), 
and Robert E. Stam, M.D. (by invitation), Charlotte, N. C. 


. have been scattered observations published in recent literature re- 
garding extracorporeal circulation which indicate that the importance of 
the vasomotor tone is being recognized. Galetti and associates* described 
‘*spontaneous’’ shifts in the blood volume between the patient and the oxygen- 
ator. Similar observations were made by Waldhausen and associates** who 
found this ‘‘wandering of blood volume between the patient and oxygenator’’ 
a constant phenomenon. Blair and associates? studied experimentally the 
effects of temporary total circulatory occlusion, and found that the reduction 
of blood flow through the arterial system resulted in dramatic increase of the 
vasomotor tone. They also found that the release of this occlusion resulted 
in a high degree of ‘‘overshot’’ in the arterial pressure, which was taken as 
an index of vasomotor activity. This response was completely eliminated if 
the body temperature was reduced below 28° C. 

A very common but interesting observation was that despite a flow rate 
equal to the caleulated normal cardiac output, the arterial pressure was usually 
subnormal during perfusion.* 2° 15 16 17,22, Merendino," realizing the signifi- 
cance of vasomotor regulation in the distribution of blood flow, advocated the 
use of vasopressor agents in patients with systemic hypertension who were 
undergoing open-heart surgery ‘‘. . . in view of difficulty in obtaining near- 
normal perfusion pressures.’? Andersen and Senning' found the vascular 
system reacting strongly to vasoconstrictors during perfusion and expressed 
their opinion that the body’s natural vasoregulation plays a dominant role in 
the magnitude and redistribution of blood flow. Boyd® described immediate 
decrease of the cardiae output soon after cardiopulmonary bypass. 

Another common observation during total body perfusion was that, despite 
constant perfusion rates, the perfusion pressure varied considerably. If effort 
was taken to keep these pressures at a steady level, the flow rate had to be 
readjusted repeatedly. This indicated significant alteration in the physiologic 
condition of the vascular system of the perfused individual. 


This work was done at the Department of Thoracic Surgery, Charlotte Memorial and 
werey Hospitals, and at the Heineman Laboratory for Cardio-Pulmonary Research Charlotte, 

Supported by grants from the John A. Hartford Foundation and the United Medical 
Research Foundation of North Carolina. 
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The purpose of our study is to describe some of these changes and discuss 
their possible clinical significance. 


MATERIALS AND METHODS 


A. Clinical.— 


In an 8-month period, hemodynamic observations were made during total 
body perfusion on 42 patients who underwent open-heart surgery at Charlotte 
Memorial and Mercy Hospitals. These patients were divided ‘into categories 
with relation to clinical diagnosis (Table I). 


TABLE I 








Atrial septal defect (secundum type) 9 
Atrial septal defect (complicated) 6 
Ventricular septal defect 17 
Tetralogy of Fallot 7 
Others 3 


Total 42. 





One hour before surgery the patients were medicated with intramuscular 
injections of Demarol, Thorazine, and Chlor-Trimeton. Anesthesia was induced 
with intravenous Pentothal sodium and maintained with a mixture of Fluothane 
and oxygen. Small doses of succinyleholine were administered as required. 

The right anterolateral approach was used in uncomplicated atrial septal 


defects; in other cases the heart was exposed through an anterior longitudinal 
mediastinotomy. The right femoral vessels were cannulized for arterial return 
and for the drainage of the inferior caval system. The upper venous drainage 
was accomplished by a catheter inserted via the right auricular appendage 
into the superior vena cava. 

All blood from the venae cavae was drained via a 45 em. siphonage into the 
extracorporeal circuit, which consisted of a venous reservoir, bubble-trap, twin 
De Bakey rotor-pumps, rotating oxygenator, and a filter. The blood aspirated 
from the open heart was delivered into a sedimentation reservoir and returned 
when necessary. The blood in the extracorporeal cireuit was kept at normal 
body temperatures by an infrared heating system. During the bypass, a gas 
mixture of 97.5 per cent oxygen and 2.5 per cent carbon dioxide was introduced 
into the free-exhaust oxygenator cylinder with a flow rate of 10 L. per minute. 

To re-check the performance of the heart-lung machine and to decompress 
the pulmonary circuit, total body perfusion was started 1 minute before 
eardiotomy. Blood flow rates, ranging from 70 to 100 ec. per minute per 
kilogram of body weight were used for smaller children, decreasing to 50 ce.c. 
for adults. In selected cases, cardiac arrest was introduced using a mixture 
of potassium chloride, magnesium sulfate, and Prostigmin. Extracorporeal 
circulation was sustained until the eardiotomy incision was completely closed 
and the heart was beating forcefully. 

Regarding principles of operative indication and surgical management, 
as well as details of the perfusion technique, these were reported in our works 
published previously on this subject.” ** 
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The extracorporeal circuit described was tested experimentally and elin- 
ically. Our data were in accordance with that of others,® 1? 1* ?* who indicated 
it is highly efficient in gas-exchange and pumping efficiency. The arterial line 
oxygen saturation was an average of 96 per cent and we did not find evidence 
of significant acid-base imbalance or hemolysis during perfusion. Eighty-four 
open-heart operations were performed on human beings with the rotating dise 
oxygenator in our institute with an operative mortality rate of 10.5 per cent. 
In no case was death due to insufficiency or mechanical failure of the pump- 
oxygenator. For this reason we abandoned continuous monitoring of blood 
gases or blood pH during open-heart surgery. 

The temperature of the blood was measured with a thermotransister built 
into the ‘‘arterial’’ end of the oxygenator. The revolution/minute ratio of the 
rotor pumps and the rotating dises was indicated on tachometers. Continuous 
electrocardiograms were recorded. 

The central venous and aortic pressures were measured by polyethylene 
catheters inserted through the left femoral vessels. These catheters were con- 
nected to strain gauge manometers and a multichannel oscillograph. The 
venous discharge into the machine and the arterial return to the patient were 
measured and recorded by specially designed flowmeters.*® 1° 

The total systemic circulatory resistance was calculated using the formula: 


P m—Pym 
R =_—__™ « 1399 


(<0) 


R = systemic circulatory resistance (dyn. see. em.) 


in which 


Pam = mean aortic pressure (mm. Hg) 
Pym = mean central venous pressure (mm. Hg) 
F = systemic blood flow (c.c./min.). 


B. Experimental.— 


To obtain observations ‘‘undisturbed’’ by the cardiac anomaly and by the 
heart operation itself, a series of perfusions was performed on dogs. 

Healthy mongrel dogs of both sexes, weighing from 12 to 25 kilograms, 
were used for the experiments. Following morphine premedication, they were 
anesthetized with Pentothal sodium and intubated endotracheally. The ventila- 
tion during thoracotomy was maintained by a Jefferson respirator. The animals 
were secured in supine position on a special operating table with a built-in 
seale. A right anterolateral thoracotomy was performed. The superior vena 
cava was cannulated through the azygos vein and the inferior cava through 
the right auricular appendage. Otherwise, the perfusion technique closely 
resembled that for a human being. Cardiotomy was not performed. 

The arterial and central venous pressures, the electrocardiogram, as well 
as the flow rates, were continuously monitored. By establishing an equilibrium 
on the table scale before the perfusion began and by following the changes 
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in body weight during extracorporeal circulation, information was gained 
regarding the intracorporeal blood volume. In selected cases, blood oxygen, 
earbon dioxide, and arterial pH determinations were performed. 


RESULTS AND DISCUSSION 


A. Clinical.— 
The first observations in our perfusions on human beings were made on 
the behavior of the arterial pressure. 


Fig. 1—The position of the polyethylene pressure monitoring catheter and the arterial per- 
fusion cannula. 
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Fig. 2.—The changes in the arterial mean pressure in 5 total body perfusions in human beings 
(unchanged flow rates). 


In a majority of the cases there was no significant drop in the systemic 
arterial pressure during the surgical procedure preceding extracorporeal cir- 
culation. Despite the fact that the perfusions were started with flow rates 
equal or, in some eases, even exceeding the values of the calculated normal 
cardiac output, the arterial pressure was below the normal in most of the 
perfusions and the operations were performed under unwanted hypotension.’ 
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In our early cases, by increasing significantly the flow rates, efforts were 
made to keep the arterial pressure on pre-perfusion levels, but, later, seeing 
no harmful effects of relatively low arterial pressures (in the presence of 
normal flow rates), we kept the blood pressure in the femoral artery approx- 
imately at a value of 55 mm. Hg. 

Abnormally low arterial pressure in the presence of normal blood flow 
strongly suggests a significant degree of vasodilation immediately at the be- 
ginning of the extracorporeal circulation. A dynamic error, however, may 
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Fig. 3.—The changes in the systemic circulatory resistance in 42 human total body per- 
fusions. The 0 line gives the mean value measured during the first 4 minutes of the cardio- 


pulmonary bypass. Each dot represents a circulatory resistance determination expressed in 
deviation of this value. 


also play some part; namely, the opening of polyethylene pressure tap posi- 
tioned in the direction of the blood stream. Because of the Pitot-effect,’ there 
is a possibility that the measured values (P’) were below the level of the 
actual lateral pressure (P), depending on the velocity (V) of the blood flow 
re 
2e 
Caleulations and experimental data indicate that this mechanism could 
be only partially responsible for the measured abnormally low values, and initial 
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vasodilatation plays a more important role. This is supported by the fact 
that in animal experiments the decrease of the arterial pressure was accompanied 
by a simultaneous inerease of the intracorporeal blood volume. 

Because of the close relationship between flow rate and perfusion pressure, 
the intra-arterial pressure as isolated data can be evaluated only in the presence 
of unchanged flow rates. 

Fig. 3 shows that changes in the arterial pressure were observed in 
practically all cases; however, there was a wide individual variation. Usually 
there was an initial drop in the first few minutes; thereafter, the pressure 
tended to return to the starting level and, in several cases, exceeded it. In 
prolonged perfusions, especially in those connected with difficulties in the 
surgical repair, the pressure tended to decrease again. . 











Fig. 4.—A monitoring curve of a patient during cardiopulmonary bypass and open-heart 
surgery. The improperly selected venous outflow catheters caused an abnormally high venous 
gradient, the How rate is stisfattory. 4IF, aretial Gow: VOR, wae aw. 

Naturally extreme changes in the arterial pressure were prevented by re- 
adjusting the flow rate. 

The venous pressure, which we regard as the most important guide in the 
post-perfusion period, remained relatively stabile during perfusion. Until the 
patient is connected to the extracorporeal circuit, the venous pressure can be 
determined by two factors, the flow rate and the outflow resistance (P = R/F), 
both of which are regulated mechanically. This means that in the absence of 
extreme flow rates, the central venous pressure is merely dependent on the 
venous discharge system (length and diameter of the tubing, size of catheters, 
siphonage, ete.), rather than the reflection of the dynamic condition of the 


vascular system. 





Vol. 40, No. 3 VASOMOTOR REGULATION 361 
September, 1960 

In all cases in which the perfusion exceeded 5 minutes, the systemic cir- 
culatory resistance deviated from the starting level. This indicates alterations 
in the dynamic capacity of the vascular bed, arteriolar dilatation, or opening 
of the arteriovenous ‘‘short-cuts.”’ The change in the systemic resistance 
varied from moderate to very significant. 

The results above show, in the majority of cases, an early vasodilatation, 
which was replaced by an increase in the resistance (vasoconstriction). In 
some of the patients this vasoconstrictive phase was followed by a second 
vasodilatation, usually more significant than the early one. 

We had especially interesting experiences in three perfusions. Because 
of the small size of the venous catheters and inadequate siphonage, the venous 
pressure remained extremely high during the entire cardiopulmonary bypass. 


SYST CIRC. 
RESISTANCE in 
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Fig. 5.—Changes in the systemic circulatory resistance during prolonged perfusions in dogs. 


Despite the very narrow arteriovenous pressure gradient, we had no difficulty 
in perfusing the patients with normal flow rates. This indicates a high degree 
of vasodilatation and an efficient adaptation of the vascular system to the 
abnormal situation. 

B. Experimental.— 

1. Effects of prolonged perfusions: The early hemodynamic effects of 
total cardiopulmonary bypass in dogs were quite similar to those observed 
in perfusions of human beings. There was an early phase of vasodilation 
characterized by decrease in the arterial pressure and systemic resistance 
followed by a vasoconstriction with .elevation of the arterial pressure and 
systemic resistance. The degree of this response varied considerably. In many 
cases it was intermittent with temporary relapses. 

The behavior of the intracorporeal blood volume was peculiar. Because 
the inflow rate was kept constant during these experiments, the dogs were 
‘‘free’’ to take up or give off part of their blood. At the beginning of the 
perfusion most of the animals took up several hundred cubic centimeters of 
blood from the extracorporeal system. This was usually followed by repeated 
shifts in the blood volume from the oxygenator and vice versa. 
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As time passed, usually more and more blood was retained in the animal. 
The fact that this happened in part of the experiments without decrease of 
the systemic resistance or increase of the central venous pressure suggests that 
the storage of this extra amount of blood was static rather than dynamic, and 
it was sequestrated in the portal system (Dow) or in other ‘‘side-tracks’’ and 
did not take an active part in the circulation. 

It has been our experience that dogs tolerate prolonged cardiopulmonary 
bypass poorly, and sooner or later they go into a shock-like condition. Similar 
observations were made by others who gave different explanations, for example, 
multiple embolization, bacterial toxemia, absence of the pulsatile flow, anaphylac- 
toid reaction, to name but a few.® ® 7% 74 
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Fig. 6.—Changes in the intracorporeal blood volume during prolonged perfusions in dogs. 


Because our study was limited to the simple documentation of the hemo- 
dynamic events, rather than to the investigation of their origin, we do not 
attempt to prove or disprove any of these theories. It is our impression, 
however, that higher vasomotor centers play an important—primary or inter- 
polated—role in the development of perfusion shock and in the regulation of 
vascular tonus during perfusion in general. 

We came to this conclusion on the basis of the following facts: (a) Sig- 
nificant drop in the arterial pressure and systemic resistance was usually pre- 
ceded by abnormal changes, in some eases complete flattening of the encephalo- 
gram. (b) By closing off the oxygen flow to the oxygenator, hypoxia was 
induced. The arterial pressure fell simultaneously with the flattening of the 
electroencephalogram. If the oxygen flow was reopened within 3 to 4 minutes, 
the electroencephalogram returned to the normal and the arterial pressure 
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rose again. If this hypoxia persisted long enough to cause an irreversible 
damage of the central nervous system and final cessation of the brain electric 
activity, the animals went into a permanent shock-like condition characterized 
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Fig. 9.—Total body perfusion in a dog. Effect of progressive hypoxia and re-oxygenation. 
The arrow indicates the point where the oxygen flow to the oxygenator was turned off. Note 
the decrease in the arterial pressure and flattening of the EEG. After the oxygen flow was 
re-opened (marked by double-arrow) the EEG returned to the normal and the arterial blood 
pressure rose again. 
by low arterial pressure, low systemic resistance, and increase of the intra- 
corporeal blood volume. 

2. Certain pharmacologic effects: The administration of vasoactive agents 
during extracorporeal circulation induced an immediate and vigorous hemo- 
dynamic response. 

Adrenaline, 0.01 mg. per kilogram, injected into the arterial line of the 
circuit caused a marked increase in the systemic resistance and a high degree 
of arterial hypertension. 
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Other hemodynamic effects of the administration of Adrenaline were: 

inerease of the venous outflow from the animal, temporary increase and then 

decrease of the venous pressure, and decrease of the intracorporeal blood volume. 

We suppose that in the production of these effects the emptying of the static 
blood reservoirs of the body (spleen, ete.) may also play some role. 
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Fig. 10.—Total body perfusion in a dog. Effect of intra- arterial injection of Adrenaline. 
Note the extreme increase in the arterial pressure (AP), increase in the venous pressure (VP), 
and moderate decrease in the arterial inflow (AIF'). 
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Fig. 11.—Total body perfusion in a dog. Effect of intra-arterial injection of Thorazine. 
Note the drop in the arterial pressure (AP). The original level of the arterial pressure could 
not be restored even by increasing the arterial inflow (AIF) threefold. VOF, venous outflow ; 
BV blood volume; VP venous pressure. 

Chlorpromazine (Thorazine), 1 mg. per kilogram, injected into the return 
line caused a marked fall in the sytemic resistance and arterial pressure and 
a moderate inerease in the venous pressure and intracorporeal blood volume. 
These effects were of long duration and the arterial pressure did not return to 
the initial level even by increasing the flow rate threefold. The arterial pressure, 
however, did not fall below 50 mm. Hg and the arterial oxygen saturation 


remained unchanged. 
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Clinically, it might be important to note that the animals given Thorazine 
did not show any further significant fluctuation in arterial pressure and sys- 
temic resistance; however, their intracorporeal blood volume still inereased 
during prolonged perfusion. 

3. Hemodynamic effects of excessive flow rates: Using progressively in- 
ereasing flow rates we found the vascular system of the dog highly adaptable. 
The common denominator of this reaction was vasodilatation to the increase 
and vasoconstriction to the decrease of blood flow. This response, however, 
had its ‘‘lower’’ and ‘‘upper limits.’’ For simplification we accepted a flow 
rate with a value of 80 ¢.c. per minute per kilogram of weight as an arbitrary 
normal. With perfusion of the dogs with this rate, as mentioned previously, 
the blood pressure remained on a somewhat normal level. 
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Note that despite the Bignificant increase in’ flow (pulsating cutve), te’ pressure in the femoral 
artery remains practically the same. 

The diminution of the flow rate below this vaJue caused only a moderate 
or no decrease in the arterial pressure but a marked increase in the systemic 
resistance. The further diminution of the flow rate caused a collapse of this 
adaptation with marked pressure drop and no increase in the resistance. 

The fact that Adrenaline caused elevation of the blood pressure, even in 
this situation, indicates that vasoconstriction at low flow rates is not maximal. 

Flow rates moderately higher ‘than normal did not raise the arterial 
pressure. In some experiments the flow rate was inereased twofold without 
causing a significant pressure elevation. This could be explained only by an 
immediate diminution of the systemic resistance. Further elevation of flow 
rate caused increase in the arterial and venous pressures, additional decrease 
of the systemic resistance, and increase of the intracorporeal blood volume. 

Finally, at extreme flow rates, a significant outflow deficit developed with ar- 
terial and phlebohypertension and fixed systemic resistance. This could be 
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attributed to the possibilty that the dilatation (distention?) of the vascular tree 
reached its maximum and at these flow rates it behaved as a rigid system. 


4. Effects of constriction of the venous outflow: To study the time element 
in the vasomotor response, experiments were performed in which the venous 
outflow from the animals was suddenly constricted. This caused a progressive 
and rapid inerease of the venous pressure and intracorporeal blood volume, 
moderate increase in the arterial pressure, and an immediate drop in the 
systemic resistance. 
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Fig. 13.—Total body perfusion in a dog. Effect of progressively increasing flow rates. 
The increase in the arterial inflow (AJF) causes progressive increase in the venous outflow 
(VOF), blood volume (BV), venous pressure (VP). Note that the arterial pressure increases 
only at extreme flow rates, and the arteriovenous pressure difference decreases proportionally to 
the increase in the arterial inflow. 


Within a short time, the venous pressure reached extremely high levels. 
If at this time the constriction was suddenly released, the reverse of the previous 
chain of events occurred with high venous outflow rates and progressive return 
of the venous pressure and blood volume to the pre-occlusion levels. 

The arterial pressure behaved in a peculiar manner. Immediately after 
the release of the occlusion, the pressure dropped below the pre-occlusion level, 
and then returned to this value. The possible explanation for this phenomenon 
follows. 

The occlusion of the outflow caused a circulatory overload and an immediate 
vasodilatation (distention?) of a high degree. After the constriction was re- 
leased and the overloaded vascular system drained, a sudden discrepancy de- 
veloped between the unchanged flow rate and the maximally dilated vascular 
system. The return of the arterial pressure to the pre-occlusion level indicated 
the re-establishment of the vascular tone and pressure flow-resistance equilib- 
rium. 


SUMMARY 


Observations made during open-heart operations indicate that there are 
changes of unknown origin in circulatory dynamics during total body perfusion. 
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Fig. 14.—Total body perfusion in a dog. Effect of the constriction of the venous outflow 
line. The constriction is followed by a decrease in the venous outflow (VOF'), increase in the 
venous pressure (VP), increase in the intracorporeal blood volume (BV), and increase’ in the 
arterial pressure (AP). The release of the constriction causes a_ temporary drop in the 
arterial blood pressure below the starting level. Arterial inflow (AIF) unchanged. 
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Fig. 15.—Total body perfusion in a dog. Effect of the increase in the venous outflow 
resistance (progressive elevation of the venous outflow reservoir). The arterial pressure (AP) 
increases only after the decrease of the venous outflow (VOF). VP, venous pressure; BV 


blood volume; AIF arterial inflow. 
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; Fig. 16.—Total body perfusion in a dog. Effect of the acute overperfusion. AIF, arterial 
inflow; VOF, venous outflow; VP, venous pressure. Note that the arterial pressure (AP) 
increases only moderately, and there is no change in the arteriovenous pressure difference. 
Note also the temporary drop in the arterial pressure after the flow rate was returned to the 
starting level. 
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The perfusion pressure fluctuates despite unchanged flow rate; on the other 
hand, if efforts are made to keep this pressure constant, the flow rate has to 
be readjusted repeatedly. There are also unexplained shifts in the blood 
volume from the patient to the extracorporeal cireuit and vice versa. 

To investigate these phenomena the authors studied the hemodynamics 
during complete cardiopulmonary bypass in 42 perfusions of human beings 
and in a series of animal experiments. 

Despite calculated ‘‘normal’’ perfusion rates, the arterial pressure stayed 
at subnormal levels and varied considerably in most of the human perfusions. 
Usually there was an indication of an early vasodilatation followed by a vaso- 
constrictive phase. If the cardiopulmonary bypass was prolonged, these phases 
were followed by a second—more pronounced—vasodilatation. 

Animal experiments showed that the circulatory system of the dog reacted 
strongly to pharmacologic agents and to anoxia during total body perfusion. 
Low flow rates caused vasoconstriction with overload of the circulatory system 
by abnormally high flow rates, or, by outflow constriction, they led to marked 
vasodilatation. 
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DISCUSSION 


DR. LEWIS H. BOSHER, Richmond, Va.—We have been concerned with some of the 
problems presented in Dr. Sanger’s interesting paper in our efforts to maintain a more 
physiologic perfusion. 

We have recently employed an apparatus constructed by Mr. Jack Edwards which auto- 
matically adjusts flow rates to the varying requirements occurring during open-heart surgery. 
It is commonly advocated that the clinical perfusion be conducted on a basis of a constant 
arterial flow rate. Under our present method, employing a closed loop servomotor system, a 
selected arterial pressure is set on the control panel. Any deviation from this pressure causes 
an error signal to be applied to a sensitive amplifying system driving a reversible pump, which 
operates between a transfusion reservoir and a “T” fitting in the venous line. 

(Slide) We have a gauge connected into the patient’s arterial system which will then be 
matched against a pressure set on the control panel, so that an error detection is supplied to 
the servomotor system. This energizes the system in such a way that through a sensitive 
amplifying system a signal is delivered to the motor controlling a transfusion pump, which 
is reversible and can supply blood as well as take it away from the system. If the pressure 
drops below the present level, blood is delivered to the system which restores the pressure to 
that selected by the pump operator. 

The adjustments are rather rapid and accurately made. It is believed that the superior 
performance of this apparatus may be particularly realized in certain difficult perfusions, 


such as those on tiny infants and those in which large blood losses occur from the vascular 
bed of the patient. 


DR. GEORGE H. A. CLOWES, JR., Cleveland, Ohio.—In many respects the data which 
Dr. Sanger’s paper contained provide amplification and confirmation of work which has gone 
before. 

Having recently completed a review on the artificial maintenance of circulation—rather 
an extensive one—for Physiological Reviews, I should like to pass on to you certain of the 
hemodynamic concepts in relation to perfusion of the entire body which became increasingly 
clear to me while doing this. It is necessary to consider this in two parts: partial perfusion 
and, in contrast, total perfusion. During the former, the normal cardiovascular regulatory 
mechanisms are at work as shown clearly by Galetti and Brecher. When all the blood returning 
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to the right heart is diverted into the extracorporeal system to be pumped back into the arterial 
system, an entirely different set of circumstances exists, as indicated by the early work of Her- 
ron, Jesseph, and Merindino and that of Donald and Moffitt. The normal regulatory reflexes 
initiated within the heart and vessels of the lesser circulation are eliminated. 

Because of the limitations of cannulation, blood flows during total perfusion of the whole 
body which are greater than resting basal values are seldom attained. Within the range gen- 
erally used in this work, the arterial pressure is nearly linear in its relation to the perfusion 
rate. At very high rates, when the aortic and carotid depressor nerves become activated, the 
resistance decreases. At very low flow rates, when hypoxia occurs and catecholamines are 
secreted into the blood, the resistance increases somewhat. By the injection of ganglionic block- 
ing agents and Arfonad in the course of perfusions, Read was able to show that vasomotor 
activity, both intrinsic and neurogenic, plays a part in the maintenance of this vascular re- 
sistance. This is further influenced by the presence of acidosis and hypoxia as well as by 
damage to blood elements, 

Further, the venous return, which is in great measure responsible for the regulation of 
cardiac output under normal circumstances by alteration of venous tone and shifts of blood 
from storage areas, is also directly related to the rate at which an artificial perfusion can be 
maintained. Even though the pressure in the venea cavae be kept constatnt, a reduction of 10 
per cent in blood volume causes a 50 per cent fall of venous return and pump output. This 
ean be altered temporarily by the injection of norepinephrine which constricts the venous 
system and increases the pressure and rate of return. The intracorporeal blood volume is 
further augmented by hypothermia. Thus, it appears that, although the arterial system be- 
haves in a manner resembling the normal during perfusion, the control of the venous side is 
upset by the absence of the normal reflexes initiated by the baroreceptors in the atria, ven- 


tricles, and pulmonary vessels. Thus, it has been stated that during total perfusion the vessels 


behave like a set of distensible rubber tubes. 

Dr. Sanger has presented most interesting data showing the type of changes in hemo- 
dynamics which take place over a prolonged period of time during perfusions at a medium 
rate. Daly, in England, has drawn attention to the inerease of resistance which he has shown. 
which comes from damaged blood 


, 


This, Daly believes, is related to the release of “vasotonins’ 
elements. Only late in the course of a prolonged perfusion is this trend reversed, as damage 
to small vessels and organs takes place. The work of Dr. Sanger and his associates, in my 
opinion, is of great value for its care in documenting this phenomenon as well as the useful 


instrumentation employed. 


DR. ELTON WATKINS, JR., Boston, Mass.—We all have observed changes of a type 
similar to Dr. Sanger’s in human perfusion and have found that, in order to maintain what 
we regarded as adequate pressures, occasionally we have to increase flow two or three times 
greater than we expected. For this reason, because of the transitory changes in the vasomotor 
activity, or whatever causes these flow-pressure ratio alterations, we have utilized two pre- 
sautions in our perfusions. 

First, we like to have a large volume of priming blood in our machine to give us a little 
leeway in pump operation when these changes occur. 

Second, we spend a great deal of time on partial bypass before going on total bypass, 
even when things appear to be going well. We may spend 15 minutes doing partial perfusion. 
We find that these changes occur less strikingly after a lengthy period of partial bypass. 

I’m wondering if we can conclude from Dr. Sanger’s data what the mechanism of these 
real changes are. I’m not exactly clear as to the reason why Dr. Sanger—and I hope that he 
will elaborate on it for me—why he believes that these vasomotor changes may be central in 
origin. The electroencephalographic tracings in the slides show changes that are starting 
several seconds after the initial change in the blood pressure tracings, and I am wondering 
which is cause and which is effect in these tracings. 
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DR. DAVID LONG, Minneapolis, Minn.—We have also been interested in the changes 
that have been described by Dr. Sanger and others during extracorporeal circulation. In addi- 
tion, we have attempted to add more to this study by making some observations of the micro- 
circulation, or the circulation in the precapillary arterioles, the capillaries, and the postcapillary 
venules. 

We have found that this is probably a very valuable approach to the problem, since, 
actually, the microcirculation is the best reflection of tissue perfusion or cellular perfusion 
that we can assess. Changes that occur in the pressure and peripheral resistance in the large 
vessels are not necessarily reflective of changes that occur in the smaller vessels and in the 
sapillaries, 

The observations that we have documented with this type of study have been correlated 
with the changes in peripheral resistance; namely, we have found in the perfusion—and particu- 
larly during prolonged perfusion—that there is a marked vasoconstriction of the small arteri- 
oles, a closing off of large segments of the capillary bed, and the appearance of microscopic 
arteriovenous shunts. 

In addition, another interesting observation is that, if the perfusions have been prolonged 
in animals and in patients, there is clumping of red blood cells or intravascular aggregation 
which results in the obstruction of flow in the capillaries and the posteapillary venules. We 
have found that some of these changes are preventable by administration of low molecular 
weight dextran or dextran of an average molecular weight of about 41,000. The correspond- 
ing microscopic changes of ischemia in vital organs, such as the kidney, liver, and heart, have 
been partially or totally prevented. 


DR. GEORGE MAGOVERN, Pittsburgh, Pa.—We, too, have observed changes in blood 
pressure during extracorporeal circulation. However, it has been our experience that if we 
maintain a normal venous pressure during the perfusion, arterial pressure will not be as vari- 
able. 

We have noted on occasion, when maintaining a venous pressure of 7 or 8 mm. Hg, that 
lowering the venous pressure without changing the flow rate or possibly increasing it a little, 
one can observe a fall in the blood pressure of 10 or 15 points. We believe that by maintain- 


ing a normal venous pressure, we increase the stability of the whole vasomotor system, avoiding 


’ 
the fluctuations which were observed by Dr. Sanger. 

DR. ARTHUR M. VINEBERG, Montreal, Quebec.—During the past 2 years we have 
been studying blood volume changes and other hematologic changes both in the animal and in 
man. Part of our interest has been stimulated by the question of long perfusion, particularly 
with the aim in mind of supporting circulation in coronary shock. In our experimental work 
we have found evidence of vasoconstriction during perfusion. For example, it has been ob- 
served that there is no urinary output 45 minutes to 1 hour-after a partial perfusion, which 
consists of withdrawing blood from the femoral vein and returning it to the femoral artery, 
after it has been passed through an oxygenator. In this type of perfusion with the chest 
closed, we find that the animals do not do well when more than 20 to 25 per cent of the total 
blood volume is circulated through the extracorporeal unit. We have had only 2 animals survive 
a 6-hour partial perfusion, using 25 per cent of their total circulating blood volume. Most 
animals recover consciousness but manifest extreme weakness and die during the night. We 


think that the same vasoconstrictor mechanism which prohibits urinary secretion may cause 


ischemia of the adrenal gland. There is a possibility that ischemia of the adrenal glands may 
be responsible for the marked prostration which occurs in the animals after prolonged partial 
perfusion. This aspect of the problem is now being studied. 


DR, ROBICSEK (Closing).—First, I would like to answer Dr. Bosher’s remarks. We 
certainly want to congratulate him for this ingenious device. It is our opinion that it is not 
too good to overautomize, and I think we will agree that it is the best to leave the firal word 
to the person who monitors the pump. 
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In answer to Dr. Clowes, I am very thankful for these remarks. We knew most of these 
data from the literature, reported by Daly, Luolany, and Petrovskaia, and it was described 
before Daly by Starling. Most of these are well known physiologic facts. 

We did not try to rediscover these observations, what we tried to say is only that vaso- 
motor activity is going on during perfusions. We didn’t do extensive research as to why and 
what triggers this mechanism, but it is interesting that if we set a constant flow rate for a 
patient, there are significant changes in blood pressure, which vary from 5 mm. Hg to 25 or 
30 mm. Hg. If this is done in dog experiments, inevitably the dogs go into shock after 4 or 
5 hours of pumping—probably because of hematologic changes, but there are probably a lot of 
other factors as well. We did not investigate these factors. We just tried to describe the 
changes. 


Also, if you put a patient on the pump oxygenator, the blood pressure level rises and 
decreases and rises again, and finally decreases again. So everything indicates that the body 
is doing something. We don’t know exactly what it is, but we think and we hope that it 


knows what it is doing. 

Now, regarding the proportions of the flow, it is natural that the arterial pressure finally 
rises if the flow is raised above the limits, but there is not a direct relationship. One can 
raise the flow in some cases by 50 per cent without having any effect on the arterial pressure. 

I think the venous pressure itself expresses the flow more clearly, because primarily the 
pressure is related to the flow and the resistance. The arterial resistance is changeable—elastic 
—and has many biologic elements, catecholamines and other things; but the venous pressure is 
related to the flow and to the mechanical outflow resistance alone. 

Regarding Dr. Watkins’ remarks, we too are fearful people and we have a lot of blood 
in reserve, close to the heart-lung machine, when we start to operate, and we fully agree with 
his advice of putting a patient in a partial bypass before starting the full bypass. Very often 
we get into some kind of trouble. If it is not perfectly clear when the patient is overperfused 
or underperfused, if we leave the pump running in partial bypass, the patient himself usually 
compensates for the changes in blood volume. 
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Fo the past 3 years, our group has conducted an experimental evaluation 
of procedures presently in clinical use for the revasecularization of the 
heart.°> We have performed seven different types of operations on dogs. These 
operations were the ligation of the internal mammary arteries, the phenol-tale- 
lingula procedure and its individual components, a phenol procedure, a tale 
procedure, and a lingula procedure, and subclavian and carotid arterial im- 
plantations. After the initial revascularization operation, a minimum period of 
3 months elapsed prior to reoperation and measurement of the coronary flow. 


METHODS 


As controls, 8 dogs have been subjected to a left thoracotomy, opening of 
the pericardium for 1 minute, and then closing it loosely. The chest was then 
closed in routine fashion. 

Ligation of the internal mammary artery was accomplished by two cut- 
downs just lateral to the sternum in the third intercostal space and ligation of 
the arteries distal to the pericardiophrenic branch. The cutdowns were then 
closed. . 

The phenol-tale-lingula procedure required a left thoracotomy in the fifth 
intercostal space and opening of the pericardium. The epicardium was abraded 
with 90 per cent phenol, as was the inner side of the pericardium. One and a 
half grams of tale was then applied: to the abraded epicardium. The lingula was 
tacked over the abraded epicardium and the pericardium was loosely closed over 
it. The chest was closed in routine fashion. 

Each of the phenol, the tale, and the lingula operations was performed in 
the same manner as the phenol-tale-lingula procedure but with only the single 
component carried out. 
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The subelavian arterial implants were performed through a left thoracotomy 
in the fourth intercostal space, and the left subclavian artery was dissected free 
for several centimeters and tied. The proximal stump of several centimeters 
in continuity with the aorta had multiple perforations put in its distal segment. 
It was then pulled through a myocardial tunnel fashioned after the method of 
Vineberg.* 

The carotid implants were performed with the same method as the sub- 
clavian implants except that the carotid artery was dissected out in the neck for 
several centimeters and was then brought through a small hole in the apex of 
the left pleural cavity and placed in a myocardial tunnel. The carotid trans- 
plant was performed by dissecting the artery free for several centimeters and 
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Fig. 1.—Technique for measuring the coronary flow with modified Foley catheter. 


removing it entirely from the neck. It was transplanted in the thorax by 
anastomosing it end-to-side to the thoracic aorta and bringing its free segment 
through the myocardial tunnel. Sterile technique was used in all cases. 

After a minimal period of 3 months, the animals underwent open-heart 
surgery in order to measure coronary flow by a method previously described by 
our group. Two Sigmamotor pumps and a simple bubble oxygenator were 
used.” The animals were placed on total extracorporeal bypass. Both pulmo- 
nary hila were clamped to prevent bronchial flow from entering the left heart 
and subsequently the coronary ostia. A modified Foley catheter was inserted 
through a small right ventriculotomy into the pulmonary artery and the balloon 
was inflated occluding the artery. The Foley catheter was modified by ligating 
the tip of the catheter distal to the balloon and by cutting three holes proximal 
to it. The catheter then provided drainage for all the coronary return from the 
coronary sinus and Thebesian veins entering the right ventricle (Fig. 1). 

The coronary venous return was collected in a graduate and several 1- 
minute samples were measured. The aorta was then cross-clamped 3 em. beyond 
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the aortic valve so that arterial blood from the extracorporeal unit could not 
reach the coronary ostia. It was then presumed that all blood recovered from 
the right side of the heart had arrived through collateral channels provided in 
the revascularization procedure. To substantiate this assumption, the channels 
provided in the revascularization procedure were destroyed by stripping ad- 
hesions or clamping an implant. If flow promptly dropped to control levels 
that have been determined in control animals, the revascularization operation 
was believed responsible for the additional flow. 


RESULTS 


Fifty-six animals underwent both the revascularization procedure and the 
evaluation operation. Eight of these animals with control operations gave us 
our baseline data. At the time of reoperation on these 8 animals, the following 
data were compiled (Table I). 


TABLE I. CoRONARY FLOW 








AORTA OPEN AORTA CLOSED 
DOG NUMBER (C.c./MIN. ) (C.Cc./MIN. ) | PER CENT FLOW 


927 65 
818 91 
933 92 
898 

1061 

1205 

1135 

1424 


Averages 





1.5 
0.5 
0.5 
1.4 
0.8 
0.4 
0.0 
2.0 
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There were 8 animals with internal mammary artery ligations. Of these 
8 animals, 2 showed a flow slightly in excess of the control animals (Table II). 


TABLE II. CoRONARY FLOW 








AORTA OPEN AORTA CLOSED 
DOG NUMBER (C.C./MIN. ) (C.C./MIN. ) PER CENT FLOW 


926 
925 
903 
930 
931 
932 
852 
855 
Averages 
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The phenol-tale-lingula procedure was performed on 7 animals, 4 of which 
had a flow in excess of control levels (Table III). 

There were six lingula operations. In 2 of these animals, there was a 
sizable flow after clamping the aorta. We believe this flow was bronchial in 
nature because the left hilum could not be clamped in this category. In both 
of these cases there was little change in flow after stripping the lingula from 
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TABLE III. CoRONARY FLOW 








DOG AORTA OPEN AORTA CLOSED ADHESIONS DIFFERENCE PER CENT 
NUMBER (C.C./MIN. ) (C.C./MIN. ) STRIPPED (C.C./MIN. ) FLOW 
897 75 3.1 2.6 
902 118 2.8 
906 66 0.0 
862 112 0.2 
893 115 4.8 
1008 91 i 
1019 84 


Averages 94 
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the surface of the heart, indicating that the flow was not coming through the 
adherent lingual. Dog No. 1167 presented puzzling data in that the coronary 
flow increased after stripping the lingula from the surface of the heart (Table 
IV). 


TABLE LV. CORONARY FLOW 








DOG | AORTA OPEN AORTA CLOSED | LINGULA DIFFERENCE PER CENT 
NUMBER (C.C./MIN. ) (C.C./MIN.) } STRIPPED (C.C./MIN. ) FLOW 
1136 66 8.0 ; 0.0 0.0 
1149 75 0.8 ; 0.0 
1154 92 0.4 
1167 78 1.6 
1168 70 14.8 
1189 120 0.3 
Averages 83.5 4.3 
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Seven animals underwent a tale poudrage. Only 2 animals in this category 
demonstrated a flow in excess of control values (Table V). 


TABLE V. CORONARY FLOW 








DOG AORTA OPEN AORTA CLOSED | ADHESIONS | DIFFERENCE PER CENT 


STRIPPED |. (C.C./MIN. ) FLOW 


0.8 0.0 0.0 
' -0.7 0.0 
0.0 0.0 

3. 3.9 

0.0 

2.0 

0.4 

0.9 


NUMBER (C.c./MIN. ) (C.c./MIN. ) 
1103 63 
1117 134 
1157 57 
1159 100 
1161 62 
1181 49 
1182 71 

Averages 77 
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Eight animals had a phenol procedure performed. Three of these animals 
showed flow in excess of the control levels (Table VI). 


TABLE VI. CORONARY FLOW 








DOG AORTA OPEN AORTA CLOSED ADHESIONS DIFFERENCE PER CENT 
NUMBER (0.C./MIN. ) (C.C./MIN. ) STRIPPED (C.C./MIN. ) FLOW 


1132 63 1.5 1.5 
1129 162 4.4 
1146 76 ; 

1163 39 
1165 97 
1095 62 
1097 112 
1092 48 


Averages 82 
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A total of 13 arterial implants were performed. Four of these were sub- 
clavian implantations. Seven were carotid implants, and, in 2 animals, the 
carotid artery was used as an autograft from the descending thoracic aorta into 
the left ventricular wall. 

None of the subclavian implants significantly contributed to the coronary 
flow. Only two of these implants were found patent at autopsy. Two of the 
carotid implants provided increased coronary flow and one of the carotid trans- 
plants showed an increased coronary flow. Three of the carotid implants which 
did not provide an increase in flow were found at autopsy to have undergone 
thrombosis. The pulmonary hila were not clamped in the first 8 animals listed 
in Table VII. 


TABLE VII. CoRONARY FLOW 








DOG AORTA OPEN | AORTA CLOSED| IMPLANT | DIFFERENCE | PER CENT PATENT 
NUMBER (C.C./MIN.) | (C.C./MIN.) CLAMPED | (C.C./MIN.) FLOW IMPLANT 
799-02 7 0.8 0.8 . 0.0 yes 
839 0.0 no 
849 0.0 no 
870 0.2 yes 
939 0.0 yes 
889 0.0 yes 
985 0.0 yes 

962 


0.0 no 
1078 3.6 yes 
1128 


1170 
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2.5 no 
0.6 no 
5.5 yes 
0.2 yes 
0.8 


*s = subclavian implant; ec = carotid implant; ct = carotid transplant. 
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et. 1251 93 
et. 1410 128 
Averages 99 
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DISCUSSION 


In the early part of our series, we did not appreciate the factor of bronchial 
flow. Arterial blood leaves the thoracic aorta through the bronchial arteries 
and, in part, enters the pulmonary cireulation and traverses the pulmonary 
veins entering the left side of the heart. The bronchial flow is then ejected from 
the left ventricle into the aorta and the coronary ostia, returning through the 
coronary sinus to be measured by our right ventricular catheter. Although we 
believe that a stimulated bronchial collateral flow may well be a desirable feature 
of revascularization surgery, we feel that the data sought are confused by 
bronchial factors. For the past year and a half, we have been clamping the 
pulmonary hila which carry the bronchial inflow, thereby eliminating this factor 
from our results. 

Analysis of the procedures of arterial implantations yielded only 3 animals 
with a flow in excess of the control levels. Nine animals showed only slight 
flow or no flow at all. Six of these 9 animals had patent implants at autopsy 
and demonstrated some degree of back bleeding during surgery. The patency 
of an implant does not ensure the fact that it provides increased flow to the 
myocardium. We have also demonstrated excellent filling of the coronary 
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vascular tree by means of postmortem angiography through a patent arterial 
implant in a dog which had no increase in coronary flow following an arterial 
implantation. We do not believe that postmortem dye injection studies are 
adequate proof of functional success of revascularization operations (Figs. 2 
and 3). 





Fig. 2.—Cross section of ventricle demonstrating a patent carotid artery implant. 





Fig. 3.—Dye injection study through patent carotid artery implant. This implant did not 
increase the coronary flow. 

Following the use of tale and a chemical abrasive like phenol, or their 

combination, excellent adhesions were formed in every case. When the ad- 

hesions were stripped, a significant degree of vascularity was observed in some 
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animals. In other animals the adhesions appeared avascular. We were unable 
to determine a relationship between the type of operation and vascularity of ad- 
hesions. The fact that there was a wide punctate ooze from the stripped ad- 
hesions did not ensure good flow, and adhesions observed as avascular were 
sometimes associated with excellent flow. 

The clinical need for surgical revascularization of the heart results from 
a type of coronary insufficiency which is difficult to reproduce in the laboratory. 
Accordingly, we believe it is unwise to draw clinical conclusions on the basis 
of laboratory results in this area of study. With the knowledge that coronary 
ischemia acts as a stimulus to the development of coronary collateral flow,* ° 
we propose to repeat some of these procedures for revascularization in animals 
whose hearts have been rendered ischemic by a method deseribed by Pearl and 
his associates.’° 


SUMMARY 


A 3-year study has been conducted in our laboratory to evaluate various 
procedures in clinical use to revascularize the heart. These procedures were 
the bilateral ligation of the internal mammary artery, the phenol-tale-lingula 
procedure, a phenol procedure, a tale procedure, and a lingula procedure, and 
subelavian and carotid arterial implantations. 

Our method has been described previously and is briefly restated here. 

Of the 8 animals with bilateral ligations of the internal mammary artery, 2 
showed slight flow. There were seven phenol-tale-lingula operations and 4 of 
the animals had flow in excess of control levels. There were six lingula opera- 
tions, and none of these animals showed significant flow. Seven animals under- 
went tale poudrage. Two of these 7 showed flow in excess of controls. Eight 
animals had phenol procedures and 3 had flow above control levels. In 13 
animals, arterial implants were performed. Four of the 13 had subclavian im- 
plants and none of these had significant flow. Seven had carotid implants and 
only 2 of these had appreciable flow. Two had carotid transplants, and 1 had 
significant flow. 

A patent implant does not necessarily indicate a- functioning implant. The 
vascularity of adhesions is apparently unrelated to myocardial flow through the 
adhesions. 

It is unwise to draw clinical conclusions from laboratory data in this area 
of experimentation. 
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BRONCHIECTASIS 


An Analysis of 240 Cases Treated by Pulmonary Resection 


B. G. Streete, Lieutenant Colonel, USAF (MC),* and 
John M. Salyer, Colonel, MC, USA** 


INTRODUCTION 


2 REPORT is based on an analysis of 240 cases of bronchiectasis treated by 
pulmonary resection at Fitzsimons Army Hospital from January, 1947, to 
January, 1958. Cases of associated active tuberculosis or pulmonary tumors are 
excluded. This study deals with the symptomatology, some etiological factors, 
bacteriology, anatomic location, and distribution of the disease, surgical manage- 
ment, and analysis of results. Conclusions and some recommendations on this 
important pulmonary problem, as well as military aspects and facets, are dis- 
cussed. Continuous periodic or limited follow-up has been successful in 92.5 
per cent of the cases, and was obtained by annual letter questionnaires completed 
by patients, and progress reports from physicians, as well as subsequent clinical 
evaluation of many of the patients at this hospital. 

The diagnosis was established preoperatively by bronchography. Until 
early in 1955, Lipiodol was employed as the contrast medium; during 1955 
aqueous Dionosil was used and subsequently oily Dionosil has been employed 
and instilled under direct fluoroscopic visualization. Presently, we are of the 
opinion that oily Dionosil has all the advantages of Lipiodol and, in addition, 
disappears from view on the roentgenograms within a few hours after tracheo- 
bronchial instillation.* 

Bronchoscopie findings were abnormal in 115 and normal in 67 of the 182 
patients examined by this procedure. Most patients had various ventilatory 
function studies performed postoperatively; the majority had external spiro- 
metric determinations and, when considered indicated, internal spirometric 
studies were performed. The patients’ ages ranged from 5 to 52 years, most 
patients being in their twenties. 


CLINICAL MANIFESTATIONS 


The most frequent complaint was a chronic or intermittent cough; this was 
usually productive of foul, purulent, or mucopurulent sputum, frequently yellow 
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or lime green in color, and ranged in volume from 8 to 500 ml. per day. Chest 
pain was rarely severe; it was commonly described as a heavy, dull ache on the 
side which subsequently proved to be the site of the most markedly involved 
pulmonary segments or lobes; quite frequently, the discomfort was pleuritie in 
type. Massive hemoptysis was described or observed in 12 patients, 4 of whom 
required blood transfusions; ‘‘streaking’’ was a rather frequent complaint. 
Twelve patients (5 per cent) were asymptomatic. A comparison is made with 
Ogilvie’s series of 68 patients reported in 1941—all of whom were symptomatic.” 
In this asymptomatic group, diagnoses were established after suggestive clues 
were found in routine roentgenograms; generally, such abnormalities proved 
to be collapse of lobes or segments and, frequently, emphysema as the result of 
long-standing disease. Dyspnea was a clinically significant complaint in 20 of 
28 patients who had this symptom; it was not possible to correlate the sub- 
jective complaint of exertional dyspnea and the severity and extent of the 
disease as demonstrated on bronchography. We continue to be of the opinion, 
as previously reported, that dyspnea is usually a late symptom.* Twelve pa- 
tients entered with the symptoms of acute, respiratory infection. 


TABLE I. PREDOMINANT SYMPTOMS IN 240 PaTIENTS HAVING PULMONARY RESECTION 








| NUMBER OF PATIENTS 





Productive cough 

Hemoptysis and/or streaking 

Chest pain 

Weight loss 

Exertional dyspnea 

Cough (seldom productive) 

Undue fatigue 

Chills and fever 

No symptoms (abnormality noted on routine roentgenogram ) 
Hoarseness 





As observed by others, more than one half, 148 patients, had a history of 
previous pneumonia.**> We believe that bronchopneumonia frequently is 
etiological in bronchial ectasia, associated with chronic suppuration and pul- 
monary fibrosis. Recurring episodes of pneumonia were often reported and 
observed clinically and should be considered, although less frequently than prior 
to the antibiotic era, as a rather typical sequence, in conformity with the natural 


TABLE II. PERTINENT Past History, 240 PATIENTS 








| NUMBER OF PATIENTS 





Previous and/or recurrent pneumonia 148 
Negative past history 46 
Pertussis 30 
Sinusitis 12 
Previous empyema 

Tuberculosis, previous 

Gunshot wound of chest 

Asthma 

Head injury with unconsciousness 
Poliomyelitis, in respirator 
Epilepsy with convulsions 
Foreign body 

Lung abscess 
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history of the disease. As reported in the literature, a history of associated 
chronic, paranasal sinusitis varies greatly in incidence. This review indicates 
that only 12 of the 240 patients complained of having had chronic, paranasal 
sinusitis, although 27 were given treatment for such chronic infection during 
periods of hospitalization when pulmonary resections were performed. The past 
history in several cases gave very good evidence as to the causative event or 
agent; as for example, gunshot wound of chest, aspirations as a result of polio- 
myelitis or epilepsy, head injuries with unconsciousness, aspiration of a foreign 
body, and lung abscess. 


PHYSICAL FINDINGS 


A relatively common finding was the presence of moist rales in the area of 
bronchial disease; quite often such rales were demonstrated only on post-tussic 
auscultation. Rales and/or pleural friction rubs were found on approximately 
75 per cent of patients. Clinical records revealed that 53 patients (22 per cent) 
had some degree of clubbing of fingers. Cor pulmonale was not evident by 
physical examination or on electrocardiographic evaluation prior to pulmonary 
resection in this series of patients. 


Roentgenographic and Laboratory Findings——All patients had broncho- 
graphic visualization of the tracheobronchial tree employing the three types of 
‘adiopaque media as mentioned previously. During the past 3 years, most 
patients have had bilateral stage bronchography performed, that is, the lung 
considered to be involved, or most markedly so, being evaluated first. This 
unilateral method largely obviates subsequent lateral and oblique roentgeno- 
grams in which the bronchi from both sides overlap, and thus reduces the pos- 
sibility of misinterpretation of films. It has been our policy to ensure careful 
filling of every segment of each lobe in order that all pulmonary segments could 
be properly mapped and evaluated. Distribution of disease, as demonstrated 
by bronehography, is given in Table ITI. 

TABLE IIT. LoBAR AND/OR SEGMENTAL DISTRIBUTION OF DISEASE AS DEMONSTRATED BY 


BRONCHOGRAPHY—240 CONSKCUTIVE PATIENTS HaAvING SuRGICAL MANAGEMENT 
(RESECTIONS PERFORMED AS LISTED) 








| INVOLVED RESECTED 





Right upper lobe 3 
Right middle lobe 44 
Superior segment right lower lobe 4 
Right lower lobe and/or basilar segment 51 
Left upper lobe equivalent 3 
Lingula 71 
Superior segment left lower lobe 4 
Left lower lobe and/or basilar segment 136 
Residual disease, unduly long left lower lobe 

bronchial stump plus ectasia lingula 2 2 


Total lobes and/or segments* 318 


*Total pneumonectomy was performed on 2 patients—one for extensive unilateral disease 
on the left side; the other after technical problems arose during surgical dissection on the 
right side. Demonstrable disease by bronchography remained in 89 lobes and/or segments in 
55 patients after pulmonary resection. 
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Bacteriologic study in this series of patients was far from complete. The 

results of cultures from bronchial secretions are listed in Table IV. Most mate- 

rial for identification of predominant organisms was obtained by bronchial 
aspiration during endoscopic examination. 


TABLE IV. BACTERIOLOGY ON BRONCHIAL ASPIRATES* 








| NUMBER OF PATIENTS 





Not studied or reported 
Streptococcus viridans 
Hemolytic streptococcus 
Neisseria catarrhalis 
Aerobacter aerogenes 
Pseudomonas aeruginosa 
Pneumococcus 
Beta hemolytic streptococcus 
Staphylococcus aureus 
Escherichia coli 
Nonhemolytic streptococcus 
Friedlander’s bacillus 
_ *Quite often two and rarely three specific organisms were cultured from a _ bronchial 
specimen. 





SURGICAL ASPECTS 


Of the 240 patients having pulmonary resection for bronchiectasis during 
the 11-year period, all but 18 have been followed for periods ranging from 1 
year to 10 years and 9 months. The average follow-up period after pulmonary 


resection was 4 years and 10 months. The involved lobes and segments removed 
are listed along with remaining involved anatomic pulmonary components in 
Table III. The lingula and left lower lobe were found to be most frequently 
involved as has been recorded by most investigators who have reported on the 
anatomie distribution of this disease. Of the 157 patients having ectasia in- 
volving the left lower lobe, 85, or 54 per cent, had demonstrable involvement in 
one or both divisions of the lingula. This finding is in contrast to the identifiable 
bronchographie disease on the right where the lower lobe was involved: in 72 
patients and one or both segments of the middle lobe was ectatic in 62 patients. 
Not infrequently the middle lobe was the site of disease when none could be 
demonstrated in the right lower lobe. Conversely, we found a diversity in 
comparable anatomic locations, in that the lingula was seldom involved without 
some bronchiectasis of one or more segments of the left lower lobe; localized left 
bronchographie disease limited only to the lingula was demonstrated in only 
3 patients and 1 of these had contralateral involvement of the middle lobe. 

The predominance of combined left lower lobar and lingular segmental 
resections over similar operations on the right lung is noteworthy. Partial or 
total lingulectomy was combined with complete left lower lobectomy or resection 
of the basilar segments in 77 patients, whereas simultaneous total middle and 
right lower lobectomies were performed only 21 times. Lobectomy was done 
exclusively early in the series. In the interest of conserving normal broncho- 
pulmonary units and pulmonary function, segmental resection has been the 
procedure of choice, when applicable, since early in 1954. The technique of mass 
hilar ligation was never employed, and in all cases anatomic dissection of the 
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bronchovascular structures was done. Two patients had bilateral staged resee- 
tions, and 3 had repeat resections on the left—2 of these had had initial surgery 
elsewhere, and 1 at this hospital, 1 having completion of left lower lobectomy, 
and the other 2 had lingulectomy performed along with removal of elongated 
and widened left lower lobe bronchial stumps. Bilateral procedures were un- 
common as extensive bilateral disease is relatively rare in service personnel, and, 
when seen, the patient is not considered a likely candidate to return to duty 
with troops after having bilateral pulmonary resection. There were 185 patients 
who had all apparent bronchiectatie disease removed, and 55 who had diffuse 
or bilateral disease remaining after the most extensively involved segments or 
lobes were resected. During the last 2 years of this study only 26 resections 
were performed and, of these patients, 22 had, on bronchographie study, uni- 
lateral, localized disease. The policy of curtailing pulmonary resection for 
bronchiectasis resulted after it was ascertained that many service personnel were 
not measurably benefited or would not admit improvement after resection 
therapy.® * ® ° 


Postoperative Complications Complications which occurred in the 240 pa- 
tients having 243 primary resections are given in Table V. There were no post- 
operative complications in 77 per cent of the patients. The most frequent post- 
operative difficulty was atelectasis. The relatively low complication rate, we 


TABLE V. POSTOPERATIVE COMPLICATIONS 








| NUMBER OF PATIENTS 


None 187 
Atelectasis* 27 
Temporary pleural space problems 15 
Bronchopleural fistula 11 
Empyema 

Hemothorax 

Postoperative psychosis 

Retention surgical sponge 

Deaths 


*Some patients had more than one complication. 








feel, reflects the value of effective antibiotics, improved anesthetic techniques, 
adequate blood replacement during and following surgery, and detailed post- 
operative care. Table VI lists the methods of treatment employed for the sur- 
gical complications. Of the sixty-one surgical measures considered essential in 


TABLE VI. METHODS OF MANAGEMENT OF COMPLICATIONS 








| NUMBER OF PATIENTS 





Bronchoscopy 20 
Re-insertion of pleural drainage tubes 14 
Thoracoplasty 7 
Open pleural drainage 7 
Secondary thoracotomy + 
For control of bleeding ~---..--.----- 3 
For removal of sponge 
Tracheostomy 
Pleural instillation streptokinase- 
streptodornase (Varidase) 
Muscleplasty 
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the management of the complications, only thirteen are considered to be major; 
these being thoracoplasty, secondary thoracotomy, and muscleplasty procedures. 
The fact that there were eleven bronchopleural fistulas, and only five empyemas 
may to some extent reflect the value of appropriate antibioties. 

There were two postoperative deaths. A 25-year-old male developed lower 
nephron nephrosis following a difficult and prolonged pulmonary resection ; 
death occurred on the ninth postoperative day. The second death in a 29-year- 
old male was attributed to massive pulmonary embolism on the third postopera- 
tive day. 


SURGICAL RESULTS 


Of the 220 patients followed from 1 year to 10 years and 9 months (2 
patients died early in the postoperative period, and 18 were lost to follow-up), 
surgical results have been classified as excellent, improved, unchanged, and poor. 
The information requested or obtained in periodic questionnaires, or at clinical 
evaluation, was directed to ascertain whether there was a productive cough, 
frequent pulmonary infections, chest pain, hemoptysis, ability to work—if so, 
hours per day, and if a change in symptoms had occurred when compared with 
the preoperative state. Patients were encouraged to make additional statements 
in regard to their general health. Those classified as obtaining an excellent 
result were completely free of any symptoms suggestive of bronchiectasis, and 
considered themselves cured. Those considered improved have had some relief 
of symptoms but still had some chronic pulmonary complaints. Patients placed 
in the unchanged group have not had symptoms significantly altered, and in the 
poor results category we have listed those who are worse off since surgical re- 
section and the clinical story is essentially that of the natural history of the 
disease as exemplified prior to the antibiotic era. 

The results were considered from several standpoints. First the over-all 
results, the modification of the disease in service personnel, and the results in 
dependents of military personnel—most of these being wives. We believe that 
this latter group of patients would more nearly reflect the results to be expected 
in civilian patients as this group had nothing to gain from a financial standpoint 
by exaggerating their postoperative complaints. 

TABLE VII. ResutTs oF PULMONARY RESECTION IN 220 PaTIENTS (157 MILITARY AND 


63 DEPENDENTS) FOLLOWED 1 To 10 YEARS AND 9 MONTHS (AVERAGE FOLLOW-UP 
4 YEARS AND 10 MONTHS) 








EXCELLENT IMPROVED UNCHANGED POOR 
PER- PER- PER- PER- 
NO. | CENT | NO. | CENT | NO. | CENT | NO. | CENT 
Military 25 15.9 45 28.7 74 47.1 9 5.8 
Dependents 24 38 28 44.4 9 14.4 i 1.6 
All cases 49 22.2 73 33.2 83 37.7 10 4.5 























The results are tabulated on patients having postoperative complications 
(Table VIII), and the results when all apparent bronchiectatic disease was 
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removed, as well as when known bronchographic bronchiectasis remained after 
pulmonary resection (Tables VIII and IX). 


TABLE VIII. RESULTS FOLLOWING SURGICAL COMPLICATIONS 








31 PATIENTS HAVING SURGICAL COMPLICATIONS | 22 PATIENTS HAVING SURGICAL COMPLICATIONS 
(MAJOR) ( MINOR ) 


Excellent 3 Excellent é 
Improved 6 Improved 9 (41%) 
Unchanged 13 (42%) Unchanged 
Poor 3 Poor 

Not followed 








Deaths: 
Postoperative 
pulmonary embolism 
lower nephron nephrosis 
Late 
suicide 
cor pulmonale 
Not followed 





TABLE IX. RESULTS IN 185 PATIENTS Havine ALL DEMONSTRABLE DISEASE REMOVED 








Excellent 46 (25%) 
Improved 60 (32%) 
Unchanged 57 (31%) 
Poor 5 
Deaths 
Both postoperative 2 
pulmonary embolism 
lower nephron nephrosis 
Not followed 15 





The over-all results were not as good as had been expected inasmuch as 
42 per cent of the patients followed do not admit or feel that their symptoms 
were improved following pulmonary resection. The known mortality rate to 
date is slightly over 3 per cent in 222 patients followed; 220 having been fol- 
lowed for an average period of 4 years and 10 months. Two patients died early 
in the postoperative period. Five patients died from 1 to 8 years after initial 
surgical intervention ; causes of death are listed in Table X. 


TABLE X. RESULTS IN 55 PATIENTS WHO Dip Not Have ALL BRONCHOGRAPHIC DISEASE 
REMOVED 








Excellent 3 
Improved 13 
Unchanged 26 (47%) 
Poor 5 (Living) 
Deaths 5 
Suicide—had extensive bilateral residual disease 
Coronary thrombosis 
Cor pulmonale 
Myocardial failure 24 hours following subsequent resection elsewhere 
Glomerulonephritis following subsequent resection elsewhere 
Not followed 





During 1956 and 1957, it was our intended policy to offer surgery only to 
those patients who were demonstrated to have unilateral and localized ectatic 
disease. Of the 26 patients who had resections during this period, 22 had all 
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demonstrable disease removed. In the group having resection of all bronchi- 
ectatic disease, 8 were military patients and 14 wives or other dependents of 
servicemen. Of the 8 military patients, 6 have indicated that they were im- 
proved and 2 do not feel that their symptoms have been altered after pulmonary 
resection and their disease is categorized as being unchanged. None will admit 
that symptoms have been altered sufficiently to classify the procedure as having 
given excellent results. Of the 14 dependent patients (mostly wives), 6 (43 
per cent) have what appear to be excellent results and the remaining 8 feel 
that their symptoms have been quite measurably improved. Ot the 4 patients 
in whom not all demonstrable disease was removed, during 1956-1957, only 1 
civilian dependent admits that she is improved. The remaining 3 consider their 
symptoms unchanged—1 being a 23-year-old female who had a thoracotomy on 
the left side with removal of an elongated bronchiectatie lower lobe stump and 
lingulectomy for cylindrical disease 5 years after a left lower lobectomy per- 
formed elsewhere. No technical difficulty was encountered during the secondary 
thoracotomy and recovery from the procedure was relatively uneventful; how- 
ever, her symptoms have not been altered significantly. 

Pathologically most cases in this study were diagnosed as and proved to 
be nonspecifie bronchiectasis of varying degrees of severity. Table XI lists as- 
sociated and/or incidental pathologie processes detected in the pulmonary sur- 
gical specimens. In only one specimen was a foreign body considered to be 
an etiological factor; this proved to be a cocklebur in a lower lobe bronchus. 


TABLE XI, SPECIFIC AND/OR UNSUSPECTED PATHOLOGY 











Middle lobe syndrome, etiology unknown 
Middle lobe syndrome, due to histoplasmosis 
Granuloma, etiology unknown 
Coccidioidomycosis 

Lipoid pneumonia 

Eosinophilic granuloma 

Foreign body 


Re ee bow Oo 





DISCUSSIONS AND CONCLUSIONS 


This follow-up study and evaluation of 220 patients who have had pul- 
monary resection for bronchiectasis (157 military and 63 civilian dependents) 
presents rather conclusive evidence that poor or questionable surgical results 
may be anticipated when only the most markedly involved segments or lobes 
of widespread unilateral or bilateral bronchiectatie disease are removed. This 
contention and firm clinical impression are offered, even though our series of 
patients has been weighted heavily on the military side. Perhaps, it is note- 
worthy that 106 of 185 patients, 57 per cent, having had all demonstrable ectatic 
disease resected, admitted that they had obtained excellent results or had been 
improved after surgical management; however, only 29 per cent of the 55 not 
having all disease removed were of the opinion that their chronic disease had 
been favorably altered—of these only 3 (5.4 per cent) admitted complete relief 
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of symptoms. In view of clinical impressions gleaned long before the ecomple- 
tion of this study, we have taken a ‘‘new look’’ at the problems of bronehiecta- 
sis in both military personnel and their civilian dependents and have modified 
our former concepts on the indications for surgical management of this chronic 
pulmonary disease rather significantly. This study, which is a continuation of 
a former survey, continues to reveal that over-all surgical results are approxi- 
mately twice as good in civilian dependents as in military patients.° Such 
results reflect to some degree factors which cannot be accurately assessed, such 
as the influence of possible financial gain in the form of disability remuneration 
and poor motivation regarding continuation of service or future geographic 
duty assignments. 

For the past 3 years our ‘‘surgical philosophy’ 
regard to bronchiectasis follows. 

1. Military personnel having relatively short periods of service and localized 
or multilobar bronchiectasis are processed for discharge from the service prior 
to recommendations for or any form of pulmonary resection. 

2. Serious episodes of bleeding or extension of the bronchial and parenchy- 
mal infection into the pleura may make surgical intervention mandatory; these 
complications have been extremely uncommon in recent years. 

3. Personnel with long periods of service (over 8 years), who have sympto- 
matie bronchiectasis should, after proper clinical evaluation and medical man- 
agement, be considered for definitive surgical care. 

4. Patients with bilateral disease, especially if the cylindrical type, should 
seldom, if ever, have surgical resections for the following reasons: (a) such 
patients seldom have sufficient ventilatory reserve to allow for staged excision 
of all involved segments, and (b) cylindrical disease is prone to be progressive, 
regardless of the type of management. Some of us postulate that this form of 
diffuse bilateral disease may be related to hereditary influences. Some other 
patients show generalized narrowing of terminal bronchi and _ bronchioles—a 
superimposed generalized bronchiolitis. Our experience with such complex 
problems has been sufficient for us to make the categorical statement that such 
patients often have serious postoperative complications and only rarely are their 
symptoms appreciably relieved following surgery. : 

5. Secondary thoracotomy for removal of residual ectatie segments, lobes, 
and/or unduly long residual bronchial stumps, under most cireumstances, is not 
recommended ; this somewhat dogmatie principle and policy even approaches a 
“‘dictum’’ when there is bronchographie evidence of contralateral disease. 


> 


and essential policy in 


SUMMARY 


A critical review of 240 cases of bronchiectasis treated by pulmonary resec- 
tion from January, 1947, to January, 1959, is presented and follow-up results 
tabulated. Trends regarding the over-all problem and our changing concepts 
and philosophy in the surgical management of this chronic pulmonary disease 
are briefly discussed. Our present policy of hesitancy to perform pulmonary 
resection on young soldiers with short periods of active service, who experienced 
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serious pulmonary symptoms prior to induction, resulted after preliminary 
follow-up studies were evaluated 3 years before completion of this study. The 
low salvage rate of those able to perform effective military service has made it 
seem administratively and professionally prudent to adopt this restrictive sur- 
gical policy. Long-term results after pulmonary resection in civilian dependents 
have been approximately twice as favorable when compared with the surgical 
results in military personnel. 

We continue to recommend pulmonary resection to patients who have 
bronchiectasis incurred or aggravated during military service; however, such 
patients should have the type of localized disease which can be expected to be 
benefited significantly by surgical extirpation. 
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MESOTHELIOMAS OF THE PLEURA 


]. L. Ehrenhaft, M.D., D. M. Sensenig, M.D., and M. S. Lawrence, M.D., 


lowa City, lowa 


HE morphology and cytology of primary pleural tumors have been in dispute 

for many years. There are some who even now deny the existence of these 
neoplasms.'® Robertson,’* in 1924, published an extensive historic review on 
this subject and pointed out the confusion which existed in the classification 
and nomenclature at that time. It was his opinion, based on his own experience, 
that there is no definite entity of pleural endotheliomas. He believed that only 
sarcomas can be classified as primary malignant tumors of the pleural tissue 
and that all other growths are secondary, representing extensions, implantations, 
or metastases from unrecognized or latent primary sources, usually the lungs. 
Maximow,” in 1927, was able to grow colonies of fibroblasts in mesothelial 
tissue cultures. Some of the cells showed epithelial characteristics but finally 
all aequired fibroblastic characteristics. Klemperer and Rabin,"' in 1931, 
reviewed the literature and brought some order out of chaos by introducing 
a classification which is essentially the one used today. They recognized 
localized pleural tumors which they believed to arise from tissues beneath the 
pleura itself. These tumors show a great variation of cell type and are of 
varied degrees of malignancy. They are usually described as sarcomas or 
subgroups thereof. The diffuse pleural neoplasms Klemperer and Rabin believed 
to arise from the surface lining cells. They are malignant and contain a 
mixture of epithelial and mesothelial cells. Clagett® agreed with Robertson 
as to the origin of the two types of neoplasms. He suggested the classification 
of localized fibrous mesotheliomas and diffuse malignant mesotheliomas. How- 
ever, Stout and Murray,'® in 1942, were able by tissue culture to clarify the 
mesothelial origin of pleural tumors. Sano,’ in 1950, working with tissue from 
a diffuse mesothelioma, was able to demonstrate the presence of epithelial-like 
cells in tissue cultures even though they were not seen in histologie sections 
obtained from the neoplasm. 

The pleural lining cells theoretically may have the potentiality to form 
epithelial and fibroblastic cell types. The pleura is derived embryologically 
from the middle germ layer, the mesoderm, which arises from ecto- and ento- 
dermal layers. The mesoderm splits into two lamellae, one fusing with the 
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ectoderm forming the somatopleura, the other with the entoderm forming 
the splanehnopleura. The visceral mesoderm gives rise to the cellular lining 
of the serosal surfaees which are the site of the neoplasms under discussion. 

Endothelial pleural surfaces on the other hand are known to show morpho- 
logic changes resembling epithelial cells when subjected to irritation. 

Stout and Himadi,™* in 1951, published a report of 8 cases of localized 
mesotheliomas which were surgically treated. They were classified as solitary 
fibrous mesotheliomas and it was pointed out that even though these lesions 
may be of low grade malignaney they are sharply cireumscribed and are 
curable by surgical excision. 

Essentially there seem to be two groups of pleural neoplasms. One is the 
diffuse tvpe which is highly malignant and usually rapidly fatal. The char- 
acteristics are the presence of epithelial cells in tubular or glandular arrange- 
ments mixed with sareomatous neoplastie cells. The localized type contains 
fibrous tissue elements only and may show great variation in cell morphology. 
They may be benign or show all degrees of malignaney. Yesner and Hurwitz”! 
have reported a case of a localized pleural mesothelioma of the epithelial type 
which was resectable. Bogardus? describes a localized malignant mesothelioma 
with pleural implants. It stands to reason that diffuse epithelial mesotheliomas 
arise in a localized area and that they could be treated surgically if they are 
found and diagnosed before extensive pleural spread has taken place. After 
the entire pleural space has been involved by spreading and implanting tumor, 
it is often impossible to determine where the original site of the pleural 
neoplasm has been. 

Pleural mesotheliomas have been recognized with increasing frequency 
and many have been reported in the recent literature.® * % 1° 1% 182° Never- 
theless, they are rare neoplasms. The correct diagnosis is often not made in the 
diffuse spreading, highly malignant type until just before or after death of 
the patient. The localized fibrous, benign, or malignant types may produce 
no symptoms and may be accidental findings during routine chest survey 
studies. Some of the symptoms seem to be entirely unrelated to the intra- 
thoracic lesion. Osteoarthropathy, chills, and fever may be the main complaints 
and the pulmonary lesion may escape early correct detection. Furthermore, the 
roentgenologic appearance of these lesions is not at all diagnostic. The often 
massive bloody pleural effusions which are nearly always present in patients 
with diffuse malignant mesothelioma may also be seen with benign well-localized 
pleural lesions. Cytologic studies of the pleural fluid have been of no help 
in our experience. Endoscopic examinations and bronchography have not 
helped except to demonstrate displacement of intrathoracic structures by 
very large masses. The large localized tumors produce symptoms and signs 
only by compression and displacement of the adjacent organs without actually 
involving them. 

Exploratory thoracotomy with either resection of localized tumors or 
biopsy in the nonresectable group is the only reliable method to arrive at a 
diagnosis. 

We have collected a total of 16 patients treated in the Surgical Department, 
University of Iowa Hospitals. The earliest documented and correctly diagnosed 
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patient was seen in 1927. It is difficult to group the cases into either the 
diffuse or localized varieties. On the basis of cell types and the clinical 
appearance, we placed 8 patients in the group of localized pleural mesotheliomas 
and the rest in the group of diffuse malignant mesotheliomas. All other 
possible cases in which there were doubtful diagnoses or a history of previous 
extrathoracie neoplastic disease were excluded. 


CASE REPORTS 


TABLE I. LOCALIZED FIBROUS MESOTHELIOMA 








AGE 
CASE | AND |DURATION OF| TIME LESION DATE OF 
NO. | SEX | SYMPTOMS | WAS KNOWN | OPERATION RESULT 
i 25 8 mo. 8 mo. 11/23/27 Emypema; death 5 mo. 
F Resection of tumor after diagnosis 


30 None 2% mo. 8/17/51 Alive 
M Right lower lobectomy 

and resection of tumor 
25 2 yr. Recurrent le- 11/5/53 Alive 
F sion, 2 mo. Resection of tumor 





yr. 2/22/55 Alive 
Right lower lobectomy 
and resection of tumor 
3/4/55 Alive 
Resection of tumor 


3/8/55 Alive 

Resection of tumor 

5/20/55 Metastases to chest wall 
Pneumonectomy July, 1959 

9/5/57 Alive 

Resection of tumor 





CasE 1.—G. J. (B 10311), a 25-year-old woman, was admitted on Nov. 20, 1927. 
Entrance complaints were fatigue and chest pain with coughing for 8 months. She also 
developed temperature elevations up to 102° F. during this time. There had been m9 
weight loss. At the time of admission, a large globular tumor located in the lower right 
side of the chest was found. On Nov. 23, 1927, a right thoracotomy was carried out. 
A well-encapsulated tumor was found in the interlobar space between the upper, middle, 
and lower lobes. The tumor was resected. The mass measured 11 by 9 by 12 em. and 
weighed 140 grams. It had a grayish, granular appearance with many papillary cauli- 
flower-like projections. Sections revealed a very cellular neoplasm of fibroblastic nature 
with many mitotie figures. The impression was that it was a pleural fibrosarcoma. This 
patient had a stormy postoperative course and succumbed to a postoperative empyema 
on April 22, 1928. 

Case 2.—D. M. (51-9301) (Figs. 1, 4, B, and C). A 30-year-old male farmer was 
admitted on Aug. 14, 1951, with the complaint of a tumor in the right lung known for 2% 
months. The patient had no symptoms. The lesion was found during routine chest survey 
studies. Roentgenograms showed a right posterior mediastinal mass, possibly representing 
a lung cyst or neurofibroma. Bronchograms and esophagrams demonstrated displacement 
of the lower esophagus to the left and displacement of the right main bronchus by the 
large mass. On Aug. 17, 1951, a right lower lobectomy and resection of the large tumor 
was carried out. The pathologic report stated it was inflammatory pseudotumor of pleura. 
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The mass measured 18 by 15 by 10 em. Microscopic section showed fibrous interlacing 


connective tissue tumor. In area: the structures had a myxomatous appearance. The 


postoperative course was uneventful. The patient is alive. 

Case 3.—D. A. (53-12248), a 25-year-old woman, was admitted on Nov. 2, 1953 
(Figs. 2, 4 and 2, B). A benign mesothelioma of the pleura had been removed at the 
Mayo Clinic on Oct. 5, 1951. She stated that her symptoms before that time were afternoon 





Fig. 1.—Case 2. A, Bronchogram which shows the large mass in the right hemithorax. 


B, Cross section through specimen which shows the well-encapsulated lobulated tumor and 
uninvolved attached right lower lobe. 


temperature elevations and fatigue. The last follow-up roentgenogram in May, 1952, was 
normal. <A roentgenogram on Sept. 4, 1953, revealed recurrence of a sharply circumscribed 
2 em. mass in the left lower lung field. The patient again had temperature elevations in 
the afternoon up to 101° F. The mass was excised on Nov. 5, 1953. The pathologic 
report stated it was fibroblastic tumor within lung parenchyma consistent with mesothelioma. 
This lesion was contained within the anterior basilar segments of the left lower lobe. 
The patient has been well since. 
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Case 4.—S. P. (54-12270), a 57-year-old man, was admitted on Feb. 20, 1955, com- 
plaining of cough. A roentgenogram revealed what was thought to be an elevated right 
leaf of the diaphragm. On further investigation a large posterior rounded encapsulated 
mass in the right supradiaphragmatic area was found. On Feb. 22, 1955, at right thoracotomy, 
a right lower lobectomy and resection of a large mass, measuring 15 cm. in diameter and 
lying between the right lower lobe and the diaphragm, was carried out. The mass weighed 
650 grams. The microscopic report stated it was fibroma of pleura with probable low 
grade sarcomatous changes. The right lower lobe showed only collapse and_ fibrosis. 
The postoperative course was uneventful. The patient is alive and well. 


Fig. 1—Cont’d. ©, Microscopic section: Myxomatous interlacing fibroblastic tissue without 
evidence of malignant change. 


Case 5.—K. S. (55-2160), a 68-year-old woman, was first seen Feb. 15, 1955 (Fig. 3). 
A history was obtained of a lesion in the left lung field first seen in roentgenograms taken 
during 1948. Nothing was done at that time. The entrance complaint was severe shortness 
of breath and some neuralgic pain in both hands for 5 months. Roentgenograms revealed 
a massive left pleural effusion with mediastinal shift to the right. On thoracentesis, a 
hemothorax was found. The fluid failed to show abnormal cells. On March 4, 1955, a 
left thoracotomy revealed a large mass located in the fissure between the upper and lower 
lobes, partly attached to the chest wall. This lesion was removed. There were no pleural 
implants. The pathologic report stated it was cellular fibroma or very low grade fibro- 
sarcoma. The patient made an uneventful postoperative recovery and she is alive with 
no further symptoms. 

Case 6.—A, B. (55-3602), a 53-year-old college professor, was admitted on March 21, 
1955. He complained of shortness of breath for the previous 5 months. Roentgenograms 
taken shortly after admission revealed a large mass in the right upper lung field. Bron- 
‘thosecopy and bronchograms showed the mass to displace the pulmonary tissue. On March 
28, 1955, a right thoracotomy was’ done. An encapsulated tumor was encountered, lying 
vithin the pleural space and compressing lung, having attached itself to portions of the 
ipper and middle lobes but not invading those structures. The mass was resected. The 
specimen weighed 1,300 grams.. On cross section it had a nodular appearance and was 
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well encapsulated. The pathologic report stated it was pleural sarcoma with considerable 
pleomorphism of the cellular structures. There was some mitotic activity. The patient 
is alive and well. 


Case 7.—G. Y. (55-5838), a 77-year-old woman, was first seen May 16, 1955. She 
was in excellent health until 3 years before admission. She had lost 33 pounds during 
the previous 2 years and had a chronic cough. Roentgenograms revealed massive atelectasis 


Fig. 2.—Case 3. A, Roentgenogram taken 2 years after resection of a benign mesothelioma 
on the left—recurrent lesion present in mid-lung field. 

B, Microscopic section: Fibroblastic cells and interlacing connective tissue patterns are 
well seen. 
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of the left lung. Severe compression of the left main-stem bronchus was found on bron- 
choscopy. On May 20, 1955, a left pneumonectomy was done. <A very large mass which 
compressed the upper and lower lobes was encountered. It was not attached to pulmonary 
tissue but seemed to arise over the mediastinal pleura. Removal of this mass was only 
possible by pneumonectomy. The pathologic report stated it was a slowly growing fibrosarcoma, 
well differentiated, probably arising in the interlobar fissare. The bronchi and several 
branches of the left pulmonary vein and artery were surrounded and compressed by tumor 
tissue. The postoperative course was uneventful. A letter from the home physician on 
July 3, 1959, stated that the patient had developed metastatic lesions in the subcutaneous 
areas over the left shoulder and back, biopsy of which revealed metastatic mesothelioma. 


A, 


. 3.—Case 5. A and B, Anterior and lateral roentgenograms demonstrating the lesion in 
4 5 


November, 1948, C and D, Appearance of the same lesion during February, 1955. 
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Case 8.—W. M. (57-10726), a 69-year-old man, was admitted to the Department of 
Urology on Aug. 22, 1957, with acute urinary retention due to benign prostatic hypertrophy. 
The patient also gave a history of having had some pedal edema and shortness of breath for 
4 months. Routine roentgenograms revealed a large mass in the left posterior hemithorax in 
the supradiaphragmatic area, The clinical impression was that it was a neurogenic tumor 
or pleural tumor. A transurethral resection was done on Aug. 27, 1957. The postoperative 
course was uneventful. On Sept. 5, 1957, a left thoracotomy was carried out. A large 
mass was found in the left costophrenic suleus and was resected. A pedicle, 2 by 3 em. 
in diameter, was found attaching this mass to the basilar surface of the left lower lobe. 
The mass measured 16 by 13 by 7 em. and weighed 900 grams. The pathologic report 
stated it was low grade pleural sarcoma-mesothelioma. The basic tumor forming cells 
were fibroblasts and fibrocysts which showed pleomorphism. The patient has been well since. 


























TABLE II. DirFuSE MALIGNANT MESOTHELIOMA 
AGE 
CASE | AND | DURATION OF] TIME LESION DATE OF 
NO. | SEX | SYMPTOMS | WAS KNOWN OPERATION RESULT 
9 64 5 mo. ? None Death 1 mo. 
M after admission; 
widespread metastases 
10 25 4 mo. Pneumothorax, 8/19/48 Death 4 mo. 
F 4 mo. Thoracotomy after diagnosis 
and biopsy 
11 37 1 mo. ? 2/20/53 Death 4 yr. 
F Thoracotomy after diagnosis 
and biopsy 
12 68 2 mo. 2 mo. 3/10/55 Death 9 mo. 
F Thoracotomy after diagnosis 
and biopsy 
13 59 1 mo. 1 mo. 10/19/55 Death 2 mo. 
F Right pneumo- after diagnosis 
nectomy 
14 «61 1 mo. 5 yr. 12/13/56 Death 3 yr. 
F Thoracotomy after diagnosis 
and biopsy 
15 70 3 mo. 3 mo. None Death 2 weeks 


after admission 





: 6/4/57 Death 1 mo. 
F Thoracotomy after diagnosis 
and biopsy 





CasE 9.—D. D. (G 6971), a 64-year-old white male, was admitted on June 1, 1932. 
The entrance complaint was pain in the left side of the chest, weight loss, and dyspnea 
for 5 months. Roentgenograms revealed a massive left pleural effusion with displacement 
of the mediastinal structures to the right. The pleural fluid was aspirated and a pneumo- 
thorax was prceduced. The nodular appearance of the pleura suggested the presence of 
a pleural neoplasm. The patient died on Aug 14, 1932. Postmortem examination revealed 
the left pleural space to be filled with sero-fibrino-sanguineous fluid. The left lung was 
collapsed. The pleural surfaces were markedly thickened. The greatest part of the 
neoplasm was found over the diaphragmatic surfaces. Microscopic sections showed spindle- 
shaped cells. In areas, the neoplasm formed spaces which were lined by epithelial type 
cells. The neoplasm was invading lung, diaphragm, aorta, and had also metastasized to 
kidneys, liver, and the right lung. The final diagnosis was malignant mesothelioma. 
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Case 10.—G. W. (42-9041), a 25-year-old female secretary, experienced severe pain 
in her left shoulder and chest on April 14, 1948 (Figs. 4, 4, B, and C). Roentgenograms 
showed a spontaneous pneumothorax and a small area of infiltration in the left upper lung 
field. The patient was admitted to the Oakdale Tuberculosis Sanatorium and there ex- 
perienced four more left-sided spontaneous pneumothoraces. On Aug. 4, 1948, the patient 
developed severe generalized left chest pain and cough. There had been no fever, hemop- 
tysis, or weight loss. Examination at that time revealed a left hydrothorax. The patient 
was admitted to the University Hospitals on Aug. 14, 1948. Thoracentesis produced 200 e.c. 
of thick serosanguineous fluid which, on examination, revealed no abnormal cells. Bron- 
choscopy and bronchograms were normal. On Aug. 19, 1948, a left thoracotomy was 
earried out. The pleura was found to be markedly thickened. On the posterior surface 


Fig. 3.—Cont’d. EH, Microscopic appearance of the low grade fibrosarcoma. 


of the left upper lobe, a pedunculated mushrooming tumor of sarcomatous nature was 
encountered. It measured 8 cm. in diameter. This tumor was resected. There were many 
clots and large implants in the region of the costophrenic angie and over the diaphragmatic 
surface. A pathologic diagnosis of poorly differentiated, anaplastic neoplasm, probably 
mesothelioma, was made. The tissue was highly cellular and many mitotic figures were 
present. Large sheets of anaplastic oval and elongated cells of variable size with elongated 
hyperchromatic nuclei were seen. Conspicuous tissue spaces, varying from slit-like clefts 
to well-defined gland-like spaces, were lined by cuboidal mesothelial type cells. The patient’s 
postoperative course was rapidly downhill. She developed signs of massive neoplastic 
infiltration of the left side of the chest which caused severe pain. The patient died on Dee. 
7, 1948. 

CasE 11.—H. W. (53-1985), a 37-year-old white woman, was admitted from the Oakdaie 
Tuberculosis Sanatorium on Feb. 16, 1953, with the complaint of increasing shortness of 
breath (Figs. 5, 4, B, C, and D). Roentgenograms disclosed a massive right pleural effusion. 
Thoracentesis produced large amounts of serosanguineous fluid which, on examination, con- 
tained no malignant cells. On Feb. 20, 1953, a right thoracotomy was done. The pleural 
space was studded with numerous soft vascular neoplastic nodules. Most of the neoplasm 
was located over the diaphragm and over the lower portions of the pleural space. Excision 
f one of the larger masses was carried out. Pathologic sections revealed closely packed 
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cells with oval and round nuclei. There was frequent mitosis. In many areas the cells 
were arranged perpendicularly to blood vessels. A pathologic diagnosis of pleural meso- 
thelioma, diffuse type, was made. Postoperatively the patient was treated with irradiation 
therapy delivering 2,500 r through two portals. The patient was seen frequently and 
was completely asymptomatic until July of 1957 when she was admitted with the complaint 
of progressive weakness of 1 month’s duration. The patient had some weight loss, and 
developed partial right third cranial nerve palsy, and diplopia. The diagnosis of severe 


6-15-48 


A. 


Fig. 4.—Case 10. A, Roentgenogram which shows the small area of infiltration in left 
upper lobe. B, Roentgenogram taken 1 month before death of patient (left hemithorax over- 
penetrated). Note the large mass in left upper lung field and the neoplastic involvement of the 


left pleural space. 


Fig. 4.—Cont’d. CC, Microscopic section of biopsy: Highly cellular tissue with many mitotic 
figures. Note interspersed epithelioid cells. 
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myasthenia gravis was made. Mesitonin, 60 mg. 3 times daily, restored her normal strength. 
However, the patient’s condition gradually deteriorated, necessitating tracheostomy. She 


died on Aug. 5, 1957, in respiratory failure. Prior to the time of death there was some 


evidence of increase of the size of the right mediastinal mass. Postmortem examination 


was not obtained. 


Fig. 5.—Case 11. A, Roentgenogram which shows massive right pleural effusion with 
pneumothorax after thoracentesis in 1953. 

B, Appearance of right lung after thoracotomy and irradiation therapy. 

C, Roentgenogram taken 1 week before death of patient in 1957. 
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CasE 12.—A. W. (55-2427), a 68-year-old woman, was admitted on Feb. 26, 1955, 
stating that she had had severe shortness of breath for about 2 months. She had had a right 
radical mastectomy 34 years before. On admission, a massive right hemothorax was en- 
countered. Numerous thoracenteses were carried out. The pleural fluid failed to reveal 
abnormal cells. Bronchoscopy was normal. On March 10, 1955, an exploratory thoracotomy 
was carried out. A small neoplastic mass located over the posterior pleural parietal surface 
at the level of the ninth-+and tenth vertebral bodies was encountered. A large amount 
of serosanguineous fluid and blood clots were present in the pleural space, holding the 
lung in a collapsed state. Frozen sections of the lesion gave the impression of fibrosarcoma 
of the pleura. Decortication and re-expansion of the lung were thought to be useless due to 
numerous neoplastic implants. Part of the primary lesion was excised. The pathologic 
report stated it was a cellular neoplasm with organizing inflammatory exudate, probably 
mesothelioma. The cells were spindle-shaped, closely packed with numerous mitotic figures. 


Fig. 5.—Cont’d. D, Microscopic appearance of tumor. Epithelial-like cells are seen. 


In other areas the cells were arranged in tubular and papillary structures and had epithelial 
characteristics. The patient was discharged to receive irradiation therapy in her home town. 
The patient was readmitted on Dec. 18, 1955, complaining of severe right upper 
abdominal pain and some abdominal distention. A mass was palpable in the right 
upper quadrant of the abdomen. A barium enema showed the mass to be extrinsic to colon 
and displacing it to the left. At exploratory laparotomy performed on Dec. 21, 1955, 
ascites and generalized neoplastic spread over the peritoneal surfaces were found. The 
neoplasm was the same as the one seen during the previous operative procedure. The 
patient died on Jan. 24, 1956. 


CASE 13.—E. R. (55-12601), a 59-year-old woman, was admitted on Oct. 11, 1955, 
complaining of severe shortness of breath of 10 days’ duration. She had been in apparently 
good health until 5 weeks before admission at which time she developed pain in the right 
side of her chest, a nonproductive cough, and temperature elevation up to 101° F. Roent- 
genograms revealed a mass in the right anterior hemithorax. Bronchoscopic examination 
was normal. Thoracentesis produced about 20 ec. of bloody fluid which revealed no 
abnormal cells. On Oct. 19, 1955, a right thoracotomy was carried out. The pleura was 
invaded by neoplastic tissue. It was possible to free the neoplasm from the chest wall by 
extrapleural dissection. A right pneumonectomy was carried out encompassing all the 
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visible neoplasm. The lung weighed 1,000 grams. A large tumor occupied the greater 
portion of the lung. It measured 12 by 14 by 6 em. The tumor was soft, mucoid in 
consistency, and there was spread toward the root of the lung. Microscopic sections 
revealed malignant cells invading the lung in solid sheets. The cells were pleomorphic 


Fig. 6.—Case 14. A, Roentgenogram taken in 1951, 5 years before exploratory thor- 
ry Note multiple well-circumscribed lesions on the right and less apparent lesions on 
the left. 

B, Massive pleural effusion present 9 months after exploratory thoracotomy. 


C, Roentgenogram taken in 1959, 2 months before the death of patient. Note the absence 
of pleural effusion following irradiation and intrapleural Au'®, 
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and mitosis was prominent. The neoplastic cells blended with tissue which had the appearance 
of anaplastic epithelial cells. One hundred and twenty-five millicuries of Au198 was injected 
into the pneumonectomy space. The patient made an uneventful recovery and was dis- 
charged on Oct, 28, 1955. She was readmitted on Dec. 13, 1955, in extremis, and died 
on Dec. 16, 1955. Postmortem examination revealed pneumonitis in the remaining left 
lung. There was residual tumor in the pleura and periosteal tissues of the thoracic cage. 
Microscopically it gave the impression of a sarcoma but in areas it simulated an anaplastic 
adenocarcinoma. Malignant pleural mesothelioma was the final diagnosis. 

CasE 14.—D. H. (56-16262), a 61-year-old woman, was first seen at the University 
Hospitals in 1951 (Figs. 6, A, B, C, and D). Roentgenograms revealed several large tumors 
in the right and a smaller one in the left mid-lung field. The lesions were thought to be 
metastatic in nature. No primary site could be found. The patient was again seen in 
December, 1956, with the complaint of shortness of breath. The same large tumors were 
present in both lung fields. There also was a massive pleural effusion on the right. 


Fig. 6.—Cont’d. D, Microscopic appearance of tumor. Note glandular and tubular arrange- 
ment of epithelial cells. 

Thoracentesis produced 1,000 ¢.c. of grossly bloody fluid which did not contain malignant 
cells. On Dec. 13, 1956, a right exploratory thoracotomy and biopsy of the neoplasm was 
done. The tumors were pedunculated mesotheliomas. A. pathologic diagnosis of the biopsy 
of mesothelioma of pleura, carcinomatous type, was made. The. patient was given a course 
of irradiation therapy, 2,000 r to anterior and posterior lung fields, with little improvement. 
The patient was readmitted on Sept. 10, 1957, with recurrent massive hemorrhagic effusion. 
Seventy-five millicuries of Au198 was given intrapleurally. This resulted in reduction 
and final disappearance of the hemorrhagic effusion. She developed metastasis to the chest 
wall, the cranium, and left breast, all of which were treated by local irradiation therapy. 
The patient died during October of 1959. 

Case 15.—S. E. (56-707), a 70-year-old man, was admitted on Jan. 13, 1956, with 
the history of severe right-sided chest pain of 3 months’ duration. Roentgenograms revealed 
opacification of the right hemithorax. There also was evidence of an intra-abdominal 
mass displacing gas-filled loops of bowel and stomach to the left. Thoracentesis on Jan. 16, 
1956, produced 1,000 ¢.c. of serosanguineous fluid which was negative for malignant cells. 
Bronchoscopy revealed no endobronchial disease. The patient died on Jan. 29, 1956. At 
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postmortem examination, an infiltrating tumor over the superior surface of the diaphragm, 
right lung, and extension into the right hilar lymph nodes was found. Microscopically it 
was shown to be an anaplastic neoplasm. The cells were spindle-shaped, very pleomorphic, 
with many mitotic figures. There were tumor cells along the lymphatic routes and, in 
areas, they had the appearance of an epithelial neoplasm. A final diagnosis of malignant 
mesothelioma was made. 

CasE 16.—I. P. (57-7046), a 52-year-old woman, was admitted on May 27, 1957, with 
the complaint of shortness of breath for 2 months. Roentgenograms revealed a left pleural 
effusion. Several thoracenteses had been carried out before admission to the hospital. 
The local physician informed her that the fluid was gelatinous in nature. Cytologic studies 
of the fluid were negative. It was suspected that this patient might have a malignant 
pleural tumor. Edema of the mucosa of the left lower lobe bronchus was found on 
bronchoscopic examination. On June 4, 1957, a left thoracotomy was carried out. There 
was evidence of invasion of the intrathoracic fascia by malignant tissue. The neoplasm 
appeared to envelop the entire lung. There was a small amount of fluid between the lung 
surface and the parietal pleura. Biopsy of the lesion showed it to be an anaplastic neoplasm. 
The cells were suggestive of epithelial origin. A diagnosis of malignant mesothelioma. was 
made. The patient was given irradiation therapy 2,000 r through anterior and posterior 
ports. The patient had gained some weight and strength when examined on Oct. 10, 1957. 
The left pleural effusion had lessened in amount. A letter from the local physician informed 
us that the patient died in July of 1958. 


DISCUSSION 


The age range in both groups of patients was 25 to 77 years. Women 
were more often affected by the malignant type of disease than men. Several 
interesting points, as far as symptoms are concerned, bear mentioning. Osteo- 
arthropathy or clubbing which was often observed in other reported series’ * § 
was not found in any of our patients. One woman (Case 5) stated she had 
some neuralgie pains in her arms but on examination nothing of note was 
found. Shortness of breath was a common complaint. It was due either 
to varying degrees of pleural effusions or to large intrathoracic masses en- 
croaching upon the pulmonary air space. One patient (Case 3) stated on 
admission that she had recurrence of afternoon temperature elevations, the 
same symptom she had experienced before the first resection of a localized 
mesothelioma. She was found to have a small recurrent intralobar fibrous 
mesothelioma. Serosanguineous pleural effusions, recurrent and often massive, 
were present in all patients with diffuse malignant mesotheliomas. One patient 
(Case 5), with a localized fibrous mesothelioma known to be present for at 
least 7 years, was found to have a massive hemothorax. It has been pointed 
out by others that hemorrhagic ‘effusions do occur in the localized type of 
this neoplasm and that this does not affect the operability or the favorable 
prognosis.*»* One patient (Case 10), with a highly malignant and rapidly 
fatal tumor, had, as the initial symptoms, repeated pneumothoraces. The true 
nature of the illness was not recognized until the patient developed, in addition, 
a massive hemothorax. On exploration, the original, still localized, malignant 
lesion was found in the upper lobe. The lower pleural space was filled with 
extensive gravitational metastases. Similar cases have been reported by 
others.* 2° One of our patients (Case 14), who must be placed into the group 
of patients with diffuse malignant tumors, has been known to have multiple 
but, at first, localized bilateral lesions.* Roentgenograms demonstrated the 
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tumors 5 years before the patient was seen with a massive hemorrhagic effusion. 
The tissue biopsy proved the diagnosis of multiple malignant mesotheliomas of 
the carcinomatous type. This patient is one of 2 patients in this group who 
survived 3 years after the diagnosis had been made. The other patient (Case 
11), with a diffuse malignant mesothelioma, survived 4 years. She died due 
to myasthenia gravis and respiratory failure. At the time of her death there was 
evidence of recurrent enlargement of the pleural and mediastinal masses. The 
other 6 patients with diffuse malignant mesotheliomas died within 9 months 
after the diagnosis had been established. 

Six of the 8 patients in the group with localized fibrous mesotheliomas 
are alive and well, the most recent having been operated upon 2 years ago. 
One patient (Case 1) operated upon in 1927 died of a postoperative empyema. 
The other patient (Case 7) must be presumed to be dead. She was known 
to have extensive metastatic disease 4 years after pneumonectomy. Good palli- 
ation was obtained by this operation in the meantime. Localized fibrous meso- 
theliomas have a favorable prognosis but the microscopic picture may be 
one of great pleomorphism of cells and all degrees of malignancy. The tumors 
are usually well encapsulated and are easily removed for this reason. Only 
1 patient (Case 2) in our series could definitely be classified as having a 
benign lesion. All the others showed definite evidence of pleomorphism of 
cells and malignant changes and these lesions were called pleural fibrosarcomas. 

The appearance of the localized and diffuse tumors at operation is quite 
characteristic. There should be little difficulty in recognition and correct 
gross diagnosis. Frozen sections, however, at the time of exploratory tho- 
racotomy, are usually misleading in the diffuse malignant group. The differ- 
entiation between this lesion and metastatic carcinomatous pleural involvement 
may be impossible. Surgical removal in the group of patients with localized 
fibrous tumors is the only hope for eure. Local resection of the lesion was 
possible in 5 of our patients. Two patients (Cases 2 and 4) required lower 
lobectomies with removal of the encapsulated adherent masses. One patient 
(Case 7) was subjected to pneumonectomy and this patient’s tumor had in- 
filtrated into the lung hilum. 

In the group with diffuse malignant mesotheliomas, 2 patients were not 
operated upon. One patient (Case 18) had an extrapleural pneumonectomy 
but died 2 months thereafter due to rapidly advancing metastatic disease. 
Exploratory thoracotomy and diagnosis by biopsy were done in the remaining 
patients. Irradiation therapy which is said to have little benefit in this 
disease’ was given to 4 of the patients (Cases 11, 12, 14, 16) with no benefit in 
2 and good palliation in the others. Radioactive gold’®**}> was used intra- 
pleurally in 2 patients (Cases 13, 14). In 1 patient it was used in addition 
to external irradiation. It was of definite benefit in controlling the recurrent 
pleural effusions. 


SUMMARY 


Hight cases of localized fibrous and 8 eases of diffuse malignant meso- 
theliomas have been reported. The grouping of these neoplasms into two 
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types is somewhat arbitrary and all gradations of these neoplasms are en- 
countered. The presence of malignant epithelial cells in conjunction with 
malignant connective tissue elements, seen in the diffuse type of mesotheliomas, 
makes the prognosis very grave. The pleomorphism, frequent mitosis, and 
other histologic criteria associated with malignancy do not appear to affect 
the good prognosis for most patients after resection of well-encapsulated tumors. 
A correct diagnosis in this disease can only be made by exploration and biopsy 
of the nonresectable, or by removal of the localized, lesions. 


ADDENDUM 


Since submission of this manuscript, Patient A. B. (Case 6), who had a large localized 
pleural sarcoma resected on Mar. 28, 1955, was re-examined in February of 1960. Chest 
roentgenograms now show recurrence of a large pleural mass at the site of the original resec- 
tion and multiple bilateral intrapulmonary metastases; however, the patient has no symptoms. 


REFERENCES 


. Benoit, H. W., and Ackerman, L. V.: Solitary Pleural Mesotheliomas, J. THorAcic 
SurG. 25: 346-357, 1953. 

. Bogardus, G. M., Knudtson, K. P., and Mills, W. H.: Pleural Mesothelioma, Report of 
Four Cases, Am. Rev. Tuberc. 71: 280-290, 1955. 

. Clagett, O. T., McDonald, J. R., and Schmidt, H. W.: Localized Fibrous Mesothelioma 
of the Pleura, J. THorAcic Sure. 24: 213-230, 1952. 

. Eisenstadt, H. W.: Malignant Mesothelioma of the Pleura, Dis. Chest 30: 549-556, 1956. 

. Finby, H., and Steinberg, I.: Roentgen Aspects of Pleural Mesothelioma, Radiology 65: 
169-182, 1955. 

. Godwin, M. C.: Diffuse Mesotheliomas: With Comment on Their Relation to Localized 
Fibrous Mesotheliomas, Cancer 10: 298-319, 1957. 

7. Harris, M. S., Hyman, M. M., and Nevins, D. B.: Resectable Form of Multiple 
Mesothelioma, Dis. Chest 35: 127-133, 1959. 

. Heaney, J. P., Overton, R. C., and De Bakey, M. E.: Benign Localized Pleural Meso- 
thelioma, J. THoRACIc SurG. 34: 553-560, 1957. 

. Hochberg, L. A.: Endothelioma (Mesothelioma) of the Pleura, Am, Rev. Tuberc. 63: 
150-175, 1951. 

. Kahn, D. 8., Glay, A., and Madore, P.: Malignant Pleural Mesothelioma, J. THORACIC 
SurG. 38: 225-234, 1959. 

. Klemperer, P., and Rabin, C. B.: Primary Neoplasm of the Pleura, Arch. Path. 11: 
385-412, 1931. 

. Maximow, A.: Uber das Mesothel (Deckzellen der serésen Haute) und die Zellen der 
serésen Exsudate. Untersuchungen an entatindotens Gewebe und an Gewebskulturen, 
Arch. fiir exper. Zellforsch 4: 1-42, 1927. 

. McCaughey, W. T. E.: Primary Tumors ‘of the Pleura, J. Path. & Bact. 76: 517-529, 1958. 

. Robertson, H. E.: Endothelioma of the Pleura, Am. J. Cancer Res. 8: 317-375, 1924. 

5. Sano, M. E., Weiss, E., and Gault, E. S.: Pleural Mesothelioma—Further History of 
Its Histogenesis, J. THoRAcIC Sure. 19: 783-788, 1950. 

. Stout, A. P., and Murray, M. R.: Localized Pleural Mesothelioma—Investigation of its 
Characteristics and Histogenesis by the Method of Tissue Culture, Arch. Path. 34: 
951-964, 1942. 

. Stout, A. P., and Himadi, G. M.: Solitary (Localized) Mesothelioma of the Pleura, 
Ann. Surg. 133: 50-64, 1951. , 

. Tobiassen, G.: Mesotheliomas: Case Reports of Primary Pleura] Tumours, as Well as 
One Presumably Primary Pericardial Tumour, and Suspicious Primary Pleural 
Tumours, Acta path. et. microbiol. scandinav. Suppl. 105, pp. 198-236, 1955. 

. Willis, R. A.: Pathology of Tumors, St. Louis, Mo., 1953, The C. V. Mosby Company. 

. Wolcott, M. W., Shaver, W. A., Walkup, H. E., and Peasley, E. D.: Mesotheliomas 
of the Pleura, Dis. Chest 36: 119-126, 1959. 

. Yesner, R., and Hurwitz, A.: Localized Pleural Mesothelioma of the Epithelial Type, 
J. THORACIC SurG. 26: 325-329, 1953. 





ISOLATED PULMONARY VENOUS SCLEROSIS: 
A CAUSE OF COR PULMONALE 


Jackson T. Crane, M.D., and Orville F. Grimes, M.D., 


San Francisco, Calif. 


[' HAS BEEN KNOWN for almost two centuries that chronic pulmonary disease 
ean produce untoward changes in cardiac function. The degree of such dis- 
turbances varies considerably and depends upon several factors which formerly 
were incompletely understood. In recent years investigations of cardiopul- 
monary disease have provided a wealth of dependable information with respect 
to the anatomie as well as the physiologic effects of pulmonary disease upon 
the heart. 

Regardless of the cause, the effects upon the heart are so characteristic that 
the syndrome is described by a special term: pulmonary eardiae disease, or cor 
pulmonale. Of the many etiological agents discussed in the literature, which 
include primary pulmonary hypertension, emphysema and fibrosis, chronic in- 
flammatory pulmonary disease and many others, there has not been a previous 
report of isolated pulmonary venous sclerosis as a cause of cor pulmonale. 

Recent observations on a 5-year-old child who had fibrous obliteration 
limited to the pulmonary veins, which resulted in acute cor pulmonale, are 
pertinent to the problem of pulmonary cardiac disease. 


CASE REPORT 


A 5-year-old girl was a normal, active, and healthy child prior to her present illness. 
The prenatal history and birth were unremarkable. During infancy, routine physical 
examinations and immunizations against the common childhood diseases were provided. 
For 3 years prior to the present illness, no professional medical care had been necessary. 

One month before being hospitalized the child had developed a skin rash and daily 
temperatures as high as 103° F, Ten days later, purulent material was noted in the canal 
of the right ear. A diagnosis of otitis media was made. By this time the rash had sub- 
sided somewhat but was still present. The rash was consistent with rubella but drug 
sensitization could not be excluded. The rash and the otitis media improved during the 
next 4 days with penicillin therapy. At this time bilateral basilar rales were first noted. 
The liver had become tender and was palpable three fingerbreadths below the right costal 
margin. The heart sounds were normal. Roentgenograms demonstrated clear lung fields 
and a cardiac silhouette that appeared to be within normal limits (Fig. 1). The results 
of examination of blood and urine were normal. Two weeks before admission to the 
hospital the child was dyspneie but did not have cyanosis or a cough. Because the short- 
ness of breath became more severe, hospitalization became necessary. 
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On physical examination the child was dyspneic and obviously ill. The temperature 
was 98.6° F, The pulse rate was 106 per minute and respirations were 46 per minute. 
The blood pressure was 90/72 mm. Hg. The skin was pale and had a gray cast, without 
overt cyanosis. The tonsils were enlarged but not inflamed. The veins of the neck were 
slightly distended. The chest was symmetrical but there was a suggestion of increased 
anteroposterior diameter. Respiratory movements were short and panting. The lungs 
were clear to percussion and auscultation. Contrary to the findings before hospitalization, 
the heart was enlarged. The point of maximum impulse was at the fifth intercostal space 
in the anterior axillary line. A Grade 3 systolic murmur was heard at the left sternal 
border. The liver was tender and palpable five fingerbreadths below the costal margin. 
The peripheral pulses were strong. Slight pitting edema was present in the ankles and 
lower legs. No clubbing of the fingers or toes was noted. 


Fig. 1. Fig. 2. 


Fig. 1.—Roentgenogram of the chest at the onset of illness. The slight prominence of 
the right auricle and pulmonary artery was interpreted to be within normal limits. 


Fig. 2.—Roentgenogram of the chest made 1 month later. Enlargement of the right 
auricle, ventricle, and pulmonary artery became evident. Both main pulmonary arteries were 
prominent but peripheral vascular markings were diminished. 

Results of examination of blood and urine were normal. The circulation time, using 
Decholin, was 18 seconds, arm-to-tongue. The venous pressure was 12.5 em. saline. The 
tuberculin skin test was negative in the 1:1000 strength. The antistreptolysin titer was 
100. Results of several blood cultures were negative. 

Electrocardiograms revealed abnormal tracings characteristic of right ventricular 
hypertrophy or strain. Fluoroscopy and roentgenograms of the chest confirmed the cardiac 
enlargement, particularly of the right ventricle. Cardiac pulsations were diminished in 
amplitude. The pulmonary artery and its main branches were dilated but the vascular 
markings of the peripheral lung fields were diminished (Fig. 2). 

Although the etiology was uncertain the clinical picture was one of severe right- 
sided cardiac decompensation. A diagnosis of congenital pulmonary stenosis with post- 
stenotic dilatation appeared most likely. Throughout the remainder of the clinical course, 
treatment consisted of oxygen inhalation, digitalization, diuretics, and restricted sodium 
intake. In spite of this treatment, the degree of cardiac failure progressed. The patient 
became more lethargic; tachycardia, hepatomegaly, and edema became more pronounced. 
The child died 7 weeks after the onset of illness and 3 weeks after admission to the hos- 
pital. 
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Autopsy showed a normally developed and well-nourished female child. The skin 
was pale and had poor turgor but no cyanosis. Pitting edema was present in the lower 
legs. The abdominal cavity contained 200 c.c. of clear, straw-colored fluid. The liver 
was enlarged to a point 8 cm. below the right costal margin. Approximately 200 c.c. of 
clear fluid was present in each pleural cavity. The mediastinum was not remarkable 
except for the prominence of the venae cavae and the azygos vein. The bronchial arteries 
were small and entered the lungs from the aorta in a normal fashion. 

The heart weighed 165 grams. The right atrium, right ventricle, pulmonary artery 
and its main branches were greatly dilated. The diameter of the pulmonary artery was 
twice that of the aorta. A friable mural thrombus, 1.5 em. in diameter, was present in 
the right auricular appendage. The thickness of the right ventricular myocardium was 


_ Fig. 3.—Postmortem arteriogram of the right middle and lower lobes. The contrast 
medium clearly outlines the pulmonary arterial tree, including the finer radicals. No arterial 
occlusion is demonstrated. 

0.8 cm., equal to that of the left ventricle. Although the rings of the tricuspid and pul- 
monary valves were dilated, the valve leaflets were normal, as were the valvular rings 
and leaflets. The main pulmonary veins were slightly thickened but had adequate lumens. 
No congenital anomalies of the heart, or great vessels, or of the lungs could be identified. 

Microscopically, the mural thrombus in the right atrium was composed of a network 
of fibrin and formed blood elements. The thrombus showed no evidence of organization, 
thus indicating its relatively recent origin. Extreme hypertrophy of the myocardial fibers 
of the right atrium and ventricle was noted. 

The right lung weighed 300 grams and the left one weighed 280 grams, Grossly, 
the lungs showed generalized poor aeration and congestion. Several small (0.5 cm. to 
2 em.) wedge-shaped, deep red infarcts were noted, located predominantly in the sub- 
pleural parenchyma. Postmortem roentgenographic contrast studies of the pulmonary 
_ arteries were normal, with the exception of the zones corresponding to small recent in- 
farcts (Fig. 3). 
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Significant thickening of all pulmonary veins was the predominant feature of the 
pulmonary vasculature (Figs. 4, 5, 6, 8). The veins showed extensive fibrous pro- 
liferation involving the media and intima. There was partial to nearly complete oblitera- 
tion of the small terminal venules and medium-sized veins. Larger veins were also in- 
volved but in a focal manner and to a lesser degree. The deposition of fibrous tissue in 
most of the pulmonary veins was dense and acellular (Figs. 6 and 8, B). Reticulum and 
collagenous fibers were concentrically arranged, completely choking off lumens or reducing 
them to narrow slits. No evidence of proliferation of elastic tissue was noted; all elastic 
fibers were confined to delicate adventitial structures. 

Most of the cells associated with the fibrous tissues were small spindle-shaped fibro- 
cytes. Occasionally, especially in areas where the collagen was less dense, fibroblasts 
were more prominent, Except for scattered histiocytes, inflammatory cells were not 
associated with involved pulmonary veins (Fig. 8). No vascular necrosis or acute 
phlebitis was found. The pulmonary arteries, in distinct contrast to the veins, were 
normal (Fig. 7). Identified by their close proximity to the bronchi and their characteristic 
mural structure, each artery presented a widely patent lumen, delicate intima, and dis- 
crete internal elastic membrane. A few small to medium-sized pulmonary arteries were 
completely occluded by recent unorganized emboli and were in the vicinity of small early 
pulmonary infarcts, The remainder of the lung showed congestion of alveolar capillaries, 
extravasation of blood and serum into air spaces, and focal atelectasis. 

The liver weighed 760 grams. It was enlarged and had a tense capsule and a 
rounded lower edge. The parenchyma was finely mottled and was a deep reddish-brown. 
Microscopically, considerable centrolobular congestion was noted. Except for passive 
congestion, the remainder of the organs were grossly and microscopically normal. None 
of the organs of the body other than the lungs showed changes in the vessels. 

The autopsy diagnosis was: Isolated pulmonary phlebosclerosis with (a) subacute 
cor pulmonale, (b) passive visceral congestion, and (c) mural thrombosis, right auricle, 
with pulmonary embolism. 


DISCUSSION 


Primary pulmonary vascular disease can be either congenital or acquired. 
In the former, multiple arteriovenous fistulas are of significance. Acquired pul- 
monary vascular disease is not a single etiological entity. Three processes give 
rise to sclerosis and obliteration of pulmonary arteries and arterioles. The first 
of these is pulmonary arteriosclerosis. Most of these cases are not true forms 
of arteriosclerosis but probably reflect secondary vascular changes ineident to 
long-continued pulmonary hypertension. 

Second, certain forms of vasculitis, especially acute necrotizing arteritis, 
periarteritis nodosa, and granulomatous arteritis may involve the lungs, either 
as a phase of the generalized disease or more rarely in an isolated form. It is 
probable that as time goes on many of the idiopathic sclerotic pulmonary vas- 
‘ular lesions will be classified as healed or burned-out varieties of ‘‘allergic’’ 
vasculitis. 

Third, certain pulmonary vascular lesions are the result of repeated small 
amboli to the lung. Over a period of time such emboli lead to pulmonary ar- 
terial sclerosis through the process of thrombosis, organization, and attempted 
‘ecanalization. In reality, these pulmonary vascular lesions should be excluded 
rom the general group of primary vascular diseases since the source of embolism 
S usually outside the lungs, for example in the deep veins of the leg or in the 
leart. 
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Fig. 7.—Medium-sized pulmonary artery in contrast to veins shown in Figs. 5 and 6. 
Representative of all the pulmonary arteries with respect to normalcy, this vessel shows a 
widely patent lumen, delicate intima, discrete internal elastic membrane and a media of normal 
thickness. (Weigert and van Gieson, X200; reduced %.) 
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Fig. 8—A and B, Small pulmonary veins. A, Complete obliteration of the lumens by 
‘concentrically arranged, dense, collagenous fibrous tissue. There is no evidence of organized 
thromboses or vasculitis. B, External elastic lamellae are delicate. Note scattered histiocytes 
in the looser fibrous tissue of vein in A. (Weigert and van Gieson, 320; reduced 
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Sclerosis of the pulmonary veins is oceasionally noted in adults having pri- 
mary pulmonary hypertension. The sclerosis, however, is always minimal and 
is overshadowed by the extensive involvement of the pulmonary arteries. Such 
focal areas of venous occlusion are probably secondary, reflecting stasis of the 
venous circulation, followed by thrombosis. 

The literature was reviewed but no case was found similar to the one re- 
ported here. Pulmonary vascular disease in both adults and children involves 
primarily the pulmonary arteries and arterioles. Most of these conditions have 
been considered as inflammatory, or even ‘‘allergic’’ in type. Other lesions, 
especially those occurring in children, have been described as the result of 
medial hypertrophy and endothelial proliferation of arterioles, perhaps repre- 
senting congenital malformations. 

Little ean be said concerning the etiology and pathogenesis of isolated pul- 
monary phlebosclerosis. Experimental and clinical studies have shown that 
arteriolization of venous systems leads to obliterative venous sclerosis. Nothing 
in this case suggested a generalized accession of arterial blood to the pulmonary 
veins. 

In the case reported here there were features which suggest that the process 
was a result of panpulmonary phlebitis which produced obliterative sclerosis. 
There were no findings which would support an infectious or toxic etiological 
agent. Of some significance in this case was the early occurrence of a skin rash, 
thought at one time to be an allergic phenomenon. 


‘ SUMMARY 


Obstructing sclerosis of the pulmonary veins has not been reported previ- 
ously. In the ease presented here, fatal cor pulmonale resulted from the un- 
relenting effects of obstruction of the pulmonary blood flow due to widespread 
venous sclerosis in the presence of a perfectly normal pulmonary arterial tree. 
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A NOTE ON THE TECHNIQUE OF MITRAL VALVULOTOMY 


Allan E. Bloomberg, M.D., and Philip Glotzer, M.D., New York City, N.Y. 


y= the standard left anterolateral thoracotomy is used for mitral val- 
vulotomy, difficulty is frequently encountered in fracturing the posterior 
commissure with the finger, whereas the anterior commissure is more readily 
fractured. It is difficult to bring the full power of the right index finger to 
bear on the posterior commissure with this approach. 

Experience with the right-sided approach, described by Neptune and 
Bailey,! has demonstrated the ease of exerting more direct pressure to the 
posterior commissure. This technique, however, fails to accomplish obliteration 
of the left atrial appendage, which may continue to be a source for thrombus 
formation and embolization. In addition, difficulty has been encountered in 
reaching the valve through the Neptune and Bailey right-sided approach when 
the left atrium has been very large. 

Ready access to both commissures and obliteration of the atrial appendage 
may be accomplished by positioning the surgeon to the patient’s right, facing 
the patient, and utilizing a left anterolateral thoracotomy. The patient is 
placed in the right lateral semirecumbent position. A left inframammary 
incision is made and the pleural cavity is entered through the fourth inter- 
space. The lung is retracted laterally and the pericardium is entered parallel 
to and either anterior or posterior to the phrenic nerve. After exploration 
of the external surface of the heart, a purse-string suture is placed at the base 
of the auricular appendage in such a fashion so that it may be incorporated in 
a Rumel tourniquet at the caudal end of the appendage. A Satinsky-type 
clamp is placed across the neck of the appendage distal to the purse-string 
suture. An incision is made on the lateral wall of the appendage. The 
operator’s index finger (left or right) is inserted into the atrium as the Satin- 
sky clamp is removed. 

Following exploration of the atrium, the valve and its commissures, finger 
fracture of the commissures is performed. For fracture of the anterior com- 
missure, the hand and finger are rotated slightly internally so that the flexor 
aspect of the tip of the finger engages the line of the anterior commissure at 
the valve orifice. Flexion of the finger in the line of the commissure permits 
the greatest application of direct force. With the orifice partially open, the 
chordae tendineae attached to the area of the posterior commissure may now 
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be palpated. External rotation of the operator’s right hand places the finger 
in a position to apply the same degree of direct force by flexion for fracture 
of the posterior commissure. 
When initial palpation of the posterior commissure has revealed it to be 
short, it is advisable to open this commissure first, taking advantage of the 
fixation provided by the fused anterior commissure. 


aeererre™ . 


ey 7 


a 


Fig. 1.—After the operator’s finger is inserted into the atrial appendage, the anterior 
commissure may be felt by slightly rotating the hand and finger internally. External rotation 
of the hand brings the finger into position to palpate the posterior commissure. The finger 
is in good position, against both commissures, to apply flexion action directly. 

Closure is accomplished by ligating the base of the appendage and over- 
sewing the atrial incision, after a portion of the appendage has been excised 
for histologic study. The use of supplemental commissurotomy knives has 
been virtually eliminated. However, cutting instruments may be inserted into 


the atrium with the same ease as from the left side. 
Since adopting this approach, a complete commissurotomy has been per- 


formed with greater facility than with the classical left-sided approach. 
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Announcements 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 


Notice of Annual Meeting 


The Forty-first Annual Meeting of The American Association for Thoracic 
Surgery will be held April 24, 25, and 26, 1961, in Philadelphia, Pennsylvania. 
Headquarters will be the Sheraton Hotel. 


Requests for Hotel Reservations 


These should be mailed directly to Mr. Brian Kirby, Reservation Manager, 
Sheraton Hotel, Philadelphia 3, Pennsylvania. Please mention this Associa- 
tion, the type of accommodation desired, the date, and approximate hour of 
arrival and departure. If accommodations are desired elsewhere please com- 
municate directly with the hotel of your choice. 


Material for the Program 


ScieNTIFIC Papers.—Abstracts of all papers proposed for presentation at 
the 1961 meeting must be received on or before November 15, 1960, otherwise 
they will not be considered by the Program Committee. These should be 
labeled ‘‘For Thoracic Surgery Forum”’ or ‘‘For Regular Program’’ depending 
upon the nature of the subject matter, in the same manner as in previous 
years. They should contain from 200 to 250 words that accurately reflect the 
content of the completed paper. _ 


Six, repeat, six clearly legible copies of each abstract must be sent to Miss 
Ada Hanvey, Administrative Assistant, The American Association for Thoracic 
Surgery, 308 Carondelet Building, 7730 Carondelet Avenue, St. Louis (Clayton) 
5, Missouri. 

Essayists selected for the program are reminded that papers presented at 
the meeting must be handed to the secretary immediately after their presenta- 
tion. If they are not ready at that time there is a chance that they will not be 
published in THE JOURNAL OF THORACIC AND CARDIOVASCULAR SURGERY. 
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Applications for Membership 


Applications for Associate Membership in the Association must be received 
by the Membership Committee not later than November 15, 1960, otherwise 
the application will be deferred for consideration until the 1962 meeting. 

Applicants must be sponsored by three Active or Senior Members of the 
Association. In addition to the signature on the application form, the sponsors 
will forward a separate letter concerning the applicant directly to: 


Frank Gerbode, M.D. 

Chairman of the Membership Committee 
Presbyterian Medical Center 

San Francisco 15, California 


Sponsors are reminded that new letters of recommendation must be 
forwarded to the Chairman of the Membership Committee should their appli- 
eants be held over for reconsideration a second year. 





